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EXECUTIVE SUMMARY
Between 1984 and 1992 four major fire test series were performed in the HDR containment
encompassing various fuels and three different axial positions in the high-rise, multi-level,
multi-compartment facility. At that time each HDR fire test series was accompanied by
extensive efforts to evaluate the predictive capabilities of a variety of fire models and codes
developed in different countries by both blind pre-test and open post-test computations. A quite

large number of open issues remained in the area of fire computer code predictive qualities upon
completion of the HDR program.

computer codes of all levels of srmulatrons Thrs progress merlts rev1srt1ng both experrmental
results and fire computer code validations. The results of the research efforts for this grant
during FY 1996/97 are documented in two separate volumes:

Volume 1: Test Series Description Report for T51 Gas Fire Test Series [1]
Volume 2: CFAST Validation for HDR T51 Gas Fire Test Series [2,3]

Volume 2 focuses on the validation of the zone model fire computer code CFAST, which has
been developed by NIST, on the basis of a selected set of T51 gas burner tests described in
Volume 1 [1].

The present report addresses the following aspects of CFAST validation:

« Section 1 briefly describes the rationale for selecting the four different experiments from the
total of 11 HDR gas burner experiments in the HDR containment. Three of the four tests
were chosen to cover the total span of fire powers applied: T51.11 (229 kW), T51.21 (716
kW), and T51.23 (1011 kW). The fourth experiment, T51.25, was selected to test CFAST’s
capability to simulate time-dependent fire room ventilation.

» Section 2 documents in great detail the individual aspects of input data addressing:
environment and runtime control, combustion model, and surface properties which are
generic to different CFAST models developed for comparison with the 4 HDR experiments.
The model-specific specifications of the compartments and their interconnections are
provided in subsection 2.4 for the 3 different CFAST models compared with the HDR data.

e Section 3 provides detailed comparisons between data and CFAST model predictions for the
CFAST models described in Section 2. This section also includes the results of a parametric
study in comparison with major T51.11 data.

e Section 4 addresses all of the accomplishments achieved with CFAST during this project
phase, as well as various findings and issues regarding the model setup and application of
CFAST and relate to topics such as: documentation, pre- and post-processing, code
execution, and physical models. It also provides suggestions for further validation efforts.

e Complete input files for all CFAST computations documented in this report are presented in
the Appendix A., while Appendix B documents the input data for CFAST and GOTHIC 3.4e
for studying the effect of unphysical vertical flows in a simple model setup.
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1 INTRODUCTION

Traditionally zone model fire codes have been applied to single level structures with
comparatively small numbers of interconnected rooms. Currently, there is an increased interest
from within the fire safety community to move from prescriptive to performance based fire
codes which will require well qualified “best estimate” computational tools. To do this for
realistic structures requires making computations for multiple-level buildings with many rooms.
To date CFAST, a zone model fire code, has not been rigorously tested under these conditions.
The research efforts documented in this volume provides a first step in this direction for a single
test series from the HDR test facility in Karlstein, Germany.

This report documents efforts undertaken to model the HDR T51 Gas Fire Test Series [1] using
CFAST v3, a zone model fire code developed by the National Institute of Standards and
Technology’s Building and Fire Research Lab. It is assumed that the reader is familiar with both
Volume 1 of this report series, which documents the HDR T51 Gas Fire Test Series [1], and
with the CFAST computer code, [2,3].

Four of the eleven gas fire tests were chosen for the modeling efforts reported in the following
sections. Three tests; T51.11 (229 kW), T51.21 (716 kW), and T51.23 (1011 kW); were
selected as they spanned the range of fire powers used in the T51 series. An additional test,
51.25, which examined the effects of changing the fire room ventilation during the test was also
included. For each selected test, three different models of increasing geometric complexity were
developed, run, and compared with the respective data.

One test, T51.11, was selected for examining the effects of input data uncertainties on CFAST
results. Perturbations of both fire related and geometric related input parameters of the T51.11
model were executed with CFAST to examine the impact on the computed results.

The remainder of this report will describe in detail the models developed, the results of

executing those models, the results of sensitivity testing, and also presents overall conclusions of
the CFAST computer code applications documented herein.

Introduction 1-1
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Accounting for the 10% excess air results in
CsHg + 5.5(02 +3.76N,)—3CO; + 4H,0 + 0.50, + 20.68N, + 2044 kJ (2-2)

Complete combustion of the propane does not truly occur however. From [4] it is obvious that
combustion of propane with 10% excess air does not completely burn, but rather results in the
formation of the combustion products shown in Table 2.2. These results which were
interpolated from the plotted, experimental data in [4] have been read off a chart, Thus, they
may not total to one mole of propane due to rounding and chart reading error.

Table 2.2: Combustion Products for One Mole of Propane with 10% Excess Air

Product Moles
CO, 2.26
CO 0.15
H,O 3.57
H, - 0.05
Hydrocarbon 0.13
Soot 0.18

With the combustion product information and the basic fuel information, the CFAST input cards
relating to combustion can now be specified. The applicable cards and their values are shown in
Table 2.3 for test T51.21 which was a 716 kW test. For the other tests modeled, modified cards
include FAREA (changed to reflect the number of burners used), FMASS (to reflect the
propane supplied to reach the test’s fire power), and FQDOT (to reflect the current tests fire
power). These fire power related changes can be seen in the input decks presented in the
Appendix. The remaining combustion parameters did not differ between the tests modeled.

T51 CFAST Model 2.2
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2 T51 CFAST MODEL

Three different geometric models were developed for the T51 gas fire tests. The models
incorporated an increasing level of geometric complexity. The purpose of this progression was
to examine the effects of modeling assumptions on the computations made by CFAST.
Compartment surface descriptions, environmental parameters, execution parameters, and
combustion parameters remained unchanged for each of the three geometric models.
Furthermore, each geometric model has associated with it a related model to allow for the
additional ventilation duct used for the T51.2 tests [1]. The remainder of this section will
discuss the runtime and environmental parameters, the combustion properties for the fire, the

room surface properties, and the different geometric models developed for the CFAST
computations.

2.1 Environment and Runtime Control

The T51 tests consisted of a one hour fire with a half hour cooldown period with about ten
minutes of pre-fire data collection to establish a baseline. No preconditioning of the
containment building was performed before the start of any tests, i.e. the containment was at
ambient conditions at the start of each test in the series. The CFAST models reproduced these
conditions with a 100 s pretest period with no fire to generate a baseline followed by a one hour

fire with a half hour cooldown. Table 2.1 below shows the CFAST input cards for environment
and runtime control. :

Table 2.1: Environment and Runtime Control Input Cards for CFAST

Card Variable Value Reason
TIMES Simulation Time (s) 5500 100 s +3600 s+1800 s
Print Interval (s) 100
History Interval (s) 50
Display Interval (s) 0 No graphics
Copy Count 0 No graphics to copy
STPMAX | Maximum Time Step (s) 1 Advice of code developers
TAMB/ Ambient Temperature (K) | 288 15°C
EAMB Ambient Pressure (Pa) 101300 | 1 atm.
Station Elevation (m) 0 Set hallway floor as 0 elevation

2.2  Combustion Model

Each of the tests in the T51 series used propane gas premixed with 10% excess air and fed into
one or more burners mounted along the back wall of the fire room at an elevation of 0.375 m
above the fire room floor, see Figure 2.2 on page 2-5. This forms the basis for the combustion
parameters used for the CFAST models. Complete combustion of propane occurs according to
the following stoichiometric relation:

C;3Hg + 5(0; +3.76N2)—3C0; + 4H,0 + 18.8N; + 2044 kJ (2-1)

T51 CFAST Model 2-1
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Table 2.3: Combustion Related Input Cards for CFAST

Card Variable Value Reason
LFBO | Fire Origin 1 Fire is in compartment 1
LFBT | Fire Type 2 Constrained fire
CHEMI | Molar Weight (GMW) 44 Molar weight of propane
Relative Humidity (%) 0 No comparisons being made to water vapor
Lower Oxygen Limit (%) |0 Fuel is premixed with air
Heat of Combustion (J/kg) | 4.65E+07 Heat of combustion for propane
Initial Fuel Temp. (K) 300. Assume propane Starts at room temperature
Gas Ignition Temp. (K) 388. Left unchanged from template file
Radiative Fraction (%) 0.10 Default value
CJET Ceiling Jet Off No data in fire room about wall temperature
profiles; therefore, there is no need for the
. additional precision of the ceiling jet routine.
FAREA | Fuel Area (m?) 0.0 0.0 0.28 0.28 0.0 0.0 4 burners assumed to be 30 cm in diameter
FHIGH | Fuel Height (m) 0.0 0.0 0.3750.375 0.0 0.0 Burners are 0.375 m above the floor
FMASS | Mass Loss Rate (kg/s) 0.0 0.0 0.0154 0.0154 0.0 0.0 Tosoiig = 0.0154 keg/s
FPOS | Depth (m) 0.000 Locate fire along center of back wall of fire
Breadth (m) 1.475 room. Height is set to zero as FHIGH has
Height (m) 0.000 been set to 0.375.
FQDOT | Heat Release Rate (W) 0.0 0.0 716000. 716000. 0.0 0.0 One hour fire at 716 kW
FTIME | Time Points (s) 100.0 101.0 3700.0 3701.0 5500.0 100 s with no fire followed by a one hour fire
with a 1 s ramp up and ramp down followed
by a half hour cooldown period.
HCR H to C Mass Ratio 0.0 0.0 0.222 0.222 0.222 0.222 X =0.222
oD C to CO; Ratio 0.0 0.0 0.022 0.022 0.022 0.022 Treaey = 0.022
CO CO to CO; Ratio 0.0 0.0 0.042 0.042 0.042 0.042 ——————20222‘1(;3)‘32) =0.042

T51 CFAST Model
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2.3  Surface Properties

To model the HDR with CFAST requires generating material properties for the HDR’s
construction materials. For the T51 gas fire tests there are three materials which must be defined
which are the HDR structural concrete, Ytong fire brick, and Alsiflex fireproof, glass fiber
matting. A CFAST material library was created for these materials and the surfaces which were
constructed from them. Table 2.4 gives the thermophysical material properties which were
obtained from [14].

Table 2.4: Thermophysical Properties for HDR Construction Materials

Material Density Conductivity | Heat Capacity | Emissivity
(kg/m*) (W/m-K) J/(kg-K)
Concrete 2,225 2.10 879 0.8'
Ytong 340 0.24 950 0.8
Firebrick
Alsiflex Mats 130 0.17 1,000 0.9

! Taken as firebrick from default CFAST material library
? Taken from Alsiflex properties in [15]

The above thermophysical properties were used to create a seven material library for use with
CFAST. The seven materials included five single layer materials and two, two layer materials.
The materials in the order listed below are 3 cm thick Alsiflex matting, 100 cm of concrete, 50
cm of concrete, 10 cm of Ytong firebrick, 25 cm of Ytong firebrick, the Alsiflex matting and
Ytong firebrick ceiling for the fire room, and the Ytong firebrick and concrete floor of the fire
room. The material library is shown below. For single layer materials the format is material
name, conductivity, density, heat capacity, thickness, emissivity, and seven parameters for HCI
production. For multiple layer materials the format is the same with a °/° denoting values for
each layer.

.17 1000 130 0.0

ALSIFLEX 0 30.90000000

CONCR100 2.1 879 2225 1 0.8 0 0 000 O0C O

CONCRO50 2.1 879 2225 0.5 0.8 0 0 0 0C0CCGO

YTONG100 0.24 950 340 0.1 0.8 0 0 000 00 O

YTONG250 0.24 950 340 0.25 0.8 0 0 0 0O OO0 O

FIRECEIL 0.17/0.24 1000/950 130/340 0.03/0.25 0.9 0 0 0 0 0 0 O
FIRE_FLR 0.24/2.1 950/879 340/2225 0.25/1 0.8 0 0 0 0 0 0 O

2.4 Compartments and Compartment Interconnections

The final portion of the CFAST model is of course the compartments and the compartment
interconnections. As the HDR facility contains 9 levels and over 60 compartments with complex
interconnections, it could not be modeled explicitly with CFAST. Therefore, simplifications
were needed to model the HDR facility with CFAST. To this end, three different geometric
models of the HDR facility were created with an increasing level of complexity. This was done,

T51 CFAST Model 2-4
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in part, to see how different modeling assumptions affected the predictions made by CFAST.
The following subsection will document the three geometric models in detail.

241 A Model

The A model was the simplest of the three models. It only encompasses the significant
compartments on Level 1.400. This model best complies with traditional simulations of single
level, horizontal fires and fire product spreading. The A model assumed that since the HDR was
such a large facility with large flow areas between compartments, it was reasonable to consider
rooms far from the fire room being part of the outside. That is, once hot gasses leave Level
1.400 through the maintenance hatch that they were considered to have departed the facility.
While this assumption will not yield information on the behavior of floors above the fire room, it
should suffice for obtaining reasonable predictions of the fire floor itself.

Figure 2.1 shows Level 1.400. From this figure it is obvious that the important compartments
were the fire room and its doorway, the hallway, and the curtained area as these compartments
defined the location of the fire and the flowpath taken by the combustion products. The
curtained area had a 0.5 m gap at the floor for the return of cold air. This air could come from
either room 1.402 or the main staircase, which in itself was connected to room 1.402. Room
1.402 had a fairly narrow connection to the rest of the containment building, so this restriction
should be accounted for to create a flowpath resistance for returning cold air. Therefore, the A
model, shown in Figure 2.5, page 2-8, consisted of five compartments which were the fire room
and its doorway, the hallway, the curtained area, the main staircase, and room 1.402.

0.250 m 1.010m

0250 m
-——

-—
0.250 m 5.000 m 0.250m

@ ®—.] 3010m

0.600 m

N oXoXoRoR

J 11 1

2150 m

1605m

&) &
(3]

(=]

3

0250 m

0250 m

Gas Burners

Figure 2.1: Level 1.400 Figure 2.2: Fire Room and Doorway

From the dimensions given in Figure 2.2, the volume of the fire room and doorway was
calculated to be 29.6 m® with the doorway having 3 m’ of that volume. Since the doorway was

T51 CFAST Model 2-5
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such a small volume in comparison to the fire room and the hallway, it was assumed to be part
of the fire room. Therefore, as the fire room was 2.75 m in height, the floor area of the fire
room is 10.77 m% If the linear distance from the fire room’s back wall, the location of the
burners, to the doorway opening into the hallway was preserved, the floor dimensions of the fire
room became 3.65 m x 2.95 m. The surfaces of the fire room consisted of a ceiling lined with
0.25 m of Ytong firebrick covered by 0.03 m of Alsiflex mats, the walls of the fire room lined
with 0.25 m of Ytong firebrick, and the fire room floor which was 0.25 m of Ytong firebrick on
top of a 1 m thick concrete floor. The fire room was connected to the hallway by a 1.0l m x
1.975 m doorway.

Figure 2.3 shows the hallway that connected the fire room to the maintenance hatch. Reference
[12] gives the volume of the hallway as 22.15 m® with a ceiling height of 2.485 m. The hallway
had a variable width and a curved length which did not readily translate into a rectangular
parallelepiped for modeling purposes with CFAST. The dimensions of significance for the
hallway were the height and the width of the hallway were it connected to the maintenance
hatch; this was also the widest cross section of the hallway. This resulted in the hallway having
floor dimensions of 1.8 m x 4.95 m. The hallway surfaces were 0.10 m of Ytong firebrick for
the walls and ceiling and 0.50 m of concrete for the floor. The hallway was connected to the
curtained area by a 1.8 m x 2.75 m opening.

1.402 H

]
}
Main Stairway ’ }
]

'Wﬂ\- - |
[=] Curtain
A
g

gt

NN N

Maintenance
Hatch

—d
NI 10 230

1.410

of

Haliway

r

Figure 2.3: Hallway Figure 2.4: Maintenance Hatch and Curtain

Figure 2.4 shows the curtained area beneath the maintenance hatch. The hatch itself was a
rectangular opening 4.54 m? in area. Using the hatch dimensions shown in the figure and
assuming the figure was to scale, the curtained area floor dimensions were found to be 4.30 m x
2.75 m. The height of this region was 4.60 m. All surfaces were assumed to be 0.50 m thick
concrete. The hatch was connected to the outside by a 4.54 m? rectangular opening. From
Figure 2.4, the flow path underneath the curtain to room 1.402 and the main staircase was
estimated to be 2.0 m x 0.5 m and 4.3 m x 0.5 m, respectively.

The main staircase had the same floor and ceiling elevations as the hatch area, 4.60 m in height.

The floor area of the main staircase was estimated to be 11.78 m?, 4.33 m x 2.72 m, by using
Figure 2.1 and the HDR steel shell diameter of 20 m. All surfaces were again assumed to be
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0.50 m thick concrete. The vertical flow path up the main staircase was 5.75 m* The
connection to room 1.402 was estimated from Figure 2.1 to be 2.7 m x 3.1 m.

Room 1.402 also had its floor area dimensions estimated from Figure 2.1. The floor dimensions
were estimated to be 1.80 m x 6.50 m with a height of 3.50 m. All surfaces were 0.50 m thick
concrete. The connection from room 1.402 to the outside is given in [5] as 0.8 m x 1.5 m.

The final portion of the A model was the fresh air supply for the gas burners. In reality this
connected room 1.603 to the fire room; however, Level 1.600 was not included in the A model.
This ventilation system was assumed to be an 0.30 m ID duct. Since this ventilation system
operates at a constant flow rate, the duct diameter is not a significant parameter. The duct goes
from the burner location at -0.475 m absolute elevation, 0.375 m relative to the fire room floor,
and was assumed to end 0.5 m above the floor of room 1.603 at 10.50 m absolute elevation,
11.60 m relative to the fire room floor. This was a vertical run of 11 m, and if a 7 m horizontal
pipe run was assumed, the total duct length became 18 m. This duct was created as two separate
portions connected by a constant speed fan. As the T51 tests used a constant flow rate air
supply, it was not necessary to model the pipe resistances as these were accounted for in the real
experiment when supplying the air for the burners. The inlet area of the duct was based on an
assumed diameter of 0.30m. The outlet area of the duct was set to be the assumed area of the
gas burners used in the tests as described in Section 2.1.

The CFAST geometric input cards for the A model are shown below:

HI/F 0.250 0.000 0.000 0.000 0.000
WIDTH 2.950 4.950 4.300 4.330 1.800
DEPTH 2.650 1.800 2.750 2.720 6.350
HEIGH 2.750 2.485 4.600 4.600 3.500
CEILI FIRECEIL YTONG100 CONCR0OSO0 CONCROS50 CONCROS50
WALLS YTONG2S50 YTONG100 CONCRO50 CONCR0OS0 CONCRO50
FLOOR FIRE_FLR CONCR100 CONCRO50 CONCROS0 CONCROS50

HVENT 1 2 1 1.010 1.975% 0.000

CVENT 1 2 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 2 3 1 1.800 2.485 0.000

CVENT 2 3 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 3 4 1 4.300 0.500 0.000

CVENT 3 4 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 3 5 1 2.000 0.500 0.000

CVENT 3 5 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 4 5 1 2.700 3.100 0.000

CVENT 4 5 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 5 6 1 0.800 1.500 0.000

CVENT 5 6 1 1.000 1.000 1.000 1.000 1.000 1.000

VVENT 6 3 4.54000 2

VVENT 6 4 5.75000 2

MVDCT 1 2 1.000 0.300 1.00E-004 0.000 1.000 0.000 1.000 O O
MVDCT 3 4 18.000 0.300 1.00E-004 0.000 1.000 ©0.000 1.000 0 O
MVFAN 3 2 0.000 900.00 0.0730 0.000 0.000 0.000 0.000 O @
MVOPN 1 1 H 0.375 0.143 0 0 0 O

MVOPN 6 4 V 11.600 0.070 ¢ O 0 @

INELV 2 0.625 0 O

INELV 3 0.625 0 0O

Figure 2.5 shows a block diagram of this model geometry including ventilation systems, vent
connections between compartments, and vent connections to the outside.
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Figure 2.5: A Model Block Diagram Figure 2.6: Level 1.600

242 B Model

The B model took the A model one step further by including Level 1.600 of the HDR. Since the
fire room fresh air supply and the additional ventilation duct exit were located on Level 1.600, it
would be appropriate to incorporate these into the CFAST model. As with the A model, since
the volume of the containment above Level 1.600 is very large it was considered to be part of
the outside. Also, since the post-test analysis indicated that Level 1.500 played a minor role in
the building circulation due to the spiral staircase hatches being closed, it was excluded from the
B model.

If the B model was to include Level 1.600, a coupling between Level 1.400 and Level 1.600 was
required. This was done by extending the height of the curtained area and main staircase
compartments of the A model so that they ended at the floor elevation of Level 1.600.

On Level 1.600, there were four significant regions, a shown in Figure 2.6. The vertical flow
paths created by Level 1.400 main staircase and maintenance hatch must be continued. The
fresh air supply located in room 1.603 needed to be included. Finally, the spiral staircase and its
maintenance hatch also needed to be included. Room 1.603 was an isolated compartment
connected to the spiral staircase by a large doorway, so the two could be considered as one
lumped compartment. Since the spiral and main staircase regions were on opposite sides of the
containment, the remainder of Level 1.600 must be included to join the two sections together.
Therefore, the B model contained four additional compartments: the curtained area on Level
1.600, the main staircase on Level 1.600, the spiral staircase and room 1.603, and the remainder
of Level 1.600 as depicted in Figure 2.7, see page 2-10.
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The main staircase and hatch compartments were given the same floor dimensions on Level
1.600 as they were on Level 1.400. The height of these compartments was set to 5.05 m which
places the ceiling of these compartments at the elevation of Level 1.700°s floor. All surfaces
were set to 0.50 m thick concrete. The maintenance hatch area leading to the outside remained
unchanged from the A model, but the main staircase vent was set to a 6.97 m* rectangle.

The volume of the room 1.603 and spiral staircase compartment was set to equal the sum of the
compartment volumes for 1.603 and 1.611 which is 472 m’. A height of 5.05 m was also used

frr thi o Tha A £ h £1 tt
101 tnis compartment. 1ne dimensions of the floor were setto a squarc as there was no dominant

linear dimension of interest for this compartment. The floor area was therefore set to 9.67 m x
9.67 m and all room surfaces were 0.50 m thick concrete. The hatch and spiral staircase vent to
the outside was set to a 5.28 m? rectangle.

The remainder of Level 1.600 included all of this level except for rooms 1.602 and 1.609 which
were closed off and the portions of the level already incorporated into the B model. This
resulted in a compartment volume of 288 m’. The resulting compartment dimensions using a
square floor were 7.92 m X 7.92 m x 4.60 m. All room surfaces were set to 0.50 m thick
concrete. Vent connections were established between this compartment and the other three
compartments on the level as well as between the main staircase and hatch. The fresh air
ventilation system was also modified to connect to room 1.603 rather than to the outside as it did
in the A model. The final B Model layout is shown in Figure 2.7. The geometric input cards for
CFAST are shown below:

HI/F 0.250 0.000 0.000 0.000 0.000 11.100 11.100 11.100 11.100
WIDTH 2.950 4.950 4.300 4.330 1.800 7.920 4.300 4.330 9.760
DEPTH 3.650 1.800 2.750 2.720 6.350 7.%20 2.750 2.720 9.760
HEIGH 2.750 2.485 11.100 11.100 3.500 4.600 5.050 5.050 5.050
CEILI FIRECEIL FIRECEIL YTONG100 CONCROS50 CONCRO50 CONCRO50 CONCRO50 CONCRO50 CONCROS50 CONCRO50
WALLS YTONG250 YTONG250 YTONG100 CONCROS50 CONCRO050 CONCR0OS50 CONCRO50 CONCROS50 CONCROS0 CONCROS50

FLOOR FIRE_FLR FIRE_FLR CONCR100 CONCR0S50 CONCR0OS0 CONCROS50 CONCRO50 CONCR0O50 CONCRO50 CONCROSO0

[

HVENT 1 2 1 1.010 1.975 0.000

CVENT 1 2 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 2 3 1 1.800 2.485 0.000

CVENT 2 3 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 3 4 1 4.300 0.500 0.000

CVENT 3 4 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 3 5 1 2.000 0.500 0.000

CVENT 3 5 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 4 5 1 2.700 3.100 1.100

CVENT 4 5 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 5 10 1 0.800 3.500 0.000

CVENT 5 10 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 6 7 1 3.000 4.250 0.000

CVENT 6 7 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 6 8 1 3.000 4.250 0.000

CVENT 6 8 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 6 9 1 3.000 4.250 0.000

CVENT € 9 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 7 8 1 3.000 4.250 0.000

CVENT 7 8 1 1.000 1.000 1.000 1.000 1.000 1.000
VVENT 7 3 4.54000 2

VVENT 8 4 5.75000 2

VVENT 10 7 4.54000 2

VVENT 10 8 6.37000 2

VVENT 10 9 5.28000 2

MVDCT 1 2 1.000 0.300 1.00E-004 0.000 1.000 0.000 1.000 O O
MVDCT 3 4 18.000 0.300 1.00E-004 0.000 1.000 0.000 1.000 O O
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MVFAN 3 2 0.000 900.00 0.073 0.000 0.000 0.000 0.000 O O
MVOPN 1 1 H 0.375 0.143 0 0 0 O
MVOPN 9 4V 0.500 0.070 0 O 0 O
INELV 2 0.625 0 ©
Volume from Level 1.7 to Dome
Floor Openings Connect to
® Level 1,6 Staircases and Hatch
Main ,
[~1Staircase i
Room Main . ®
™ 1402 T Spiral [ Staircase ? || Main I ?
] Staircase Remalinder of T To Level Room Staircase Main
Hatch + || |Level16 16 [} 1402 I Spiral | Staircase
® I 1.603 H Hatch L Staircase Remainder of T
$ Hatch + [ Level 1.6
Hallway @ @ I 1.603 H Hatch
I
Indicates Connection Hallway é) é‘)
FireRoom+ | To Outside T
Doorway Air Supply > ] Indicates Connection
¥ Fire Room + | To Outside
Fire Doorway Air Supply e
Fire
Figure 2.7: B Model Block Diagram Figure 2.8: C Model Block Diagram
2.4.3 C Model

The final and most complex model was the C model. To model the HDR facility in a manner
that captures all the basic flow phenomena observed in the gas fire tests would require that the
model be completely enclosed and contain the dome region. This would force any combustion
products traveling up the main staircase side of the facility to return to the fire floor by
descending the shafts formed by the spiral staircase and neighboring hatches. Therefore, Level
1.600 as modeled in the B model must be vented to an enclosed compartment rather than the
outside. Therefore, the C model added a compartment to represent the volume of the HDR
above Level 1.600. Just adding this volume, however, would not necessarily result in return
flow from the upper levels. A flowpath must be provided to lower containment elevations for
this to happen. Even though the spiral staircase hatch to Level 1.500 was closed, there did exist
numerous floor penetration in the form of pipe channels, cable trays, and other conduits that
connected Level 1.600 to Level 1.500 and Level 1.400. These connections must also be
included in the model. The C model, therefore, resulted from adding two additional
compartments to the B model.

The portion of the HDR facility above Level 1.600 was modeled as a single compartment. The
volume of this compartment was obtained by summing up the volume of all compartments above
Level 1.600 excluding rooms 1.702 and 1.706. This yielded a total volume of 7215 m* and
preserving the full HDR height resulted in a compartment with dimensions of 14.37 m x 14.37 m
x 39.95 m. All wall surfaces for this compartment were set to 0.5 m thick concrete which is not
a true representation for the steel shell dome. The B model hatch and staircase openings to the
outside were considered as openings into this compartment for the C model.

The second compartment added for the C model was a connecting compartment from Level
1.600 to room 1.402. This was done to provide a flow path from the upper levels to the lower
level in order to avoid unrealistic pressure gradients that would ultimately prevent recirculation
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flow. The room connection list [1] was consulted and the area of available connections from
Level 1.400 to Level 1.600 (excluding hatches and staircases) was totaled. This yielded a flow
area of 9 m?. Initially, this room was modeled to span the elevation from the floor of room
1.402 to the ceiling of Level 1.600. CFAST would not run, however, with a completely
enclosed geometry. A vent to the outside was needed. This vent was added to this second
compartment as it is the furthest removed from the flow regions of interest, namely the vertical
shafts and the fire room and hallway. This configuration would run for a short period of time
until the layer height in the connection room decreased to near zero which then propagated
throughout the remainder of Level 1.400. A series of permutations was made to this
compartment changing the elevations, vent connections, and internal flow area until a
combination was determined that would allow CFAST to execute for both the duration of the
fire and the cooldown period. The resultant compartment started at an elevation of 0.3 m and
extended vertically for 13.2 m, 2.4 m above the floor of Level 1.600. The Level 1.600
compartment connected with a 3.0 m x 2.4 m doorway, room 1.402 connected with a 1.8 m x 3.2
m doorway, and there was a connection to the outside that was 0.05 m wide that extended from
the ceiling of room 1.402 to the floor of Level 1.600. While it would clearly be preferable not to
have manipulated the vent connections to ensure CFAST’s operation, the end result coupled
Level 1.600 cold layer to Level 1.400 hot later which is, in reality, what the flow actually does.
However, the true vent area was not totally preserved. All surfaces of this room were 0.5 m
thick concrete. The difficulties with this particular compartment demonstrate the need for more
user guidance from the code manual. -

A block diagram of the C model is shown in Figure 2.8 on page 2-10. Shown below are the
CFAST input cards for this model.

HI/F 0.250 0.000 0.000 0.000 ©0.000 11.100 11.100 11.100 11.100 16.150 0.300
WIDTH 2.950 4.950 4.300 4.330 1.800 7.920 4.300 4.330 9.670 14.370 3.000
DEPTH 3.650 1.800 2.750 2,720 6.350 7.920 2.750 2.720 9.670 14.370 3.000
HEIGH 2.750 2.485 11.100 11.100 3.500 4.600 5.050 5.050 5.050 34.550 13.200
CEILI FIRECEIL YTONG100 CONCR(50 CONCRO50 CONCROS50 CONCROS50 CONCROS0 CONCROS0 CONCRO50 CONCRO50 CONCROS50
WALLS YTONG250 YTONG100 CONCROS0 CONCRO50 CONCROS50 CONCROS50 CONCROS0 CONCRO50 CONCR0O50 CONCR0OS50 CONCROS0
FLOOR FIRE_FLR CONCR100 CONCROS50 CONCRO50 CONCRO50 CONCRO50 CONCR0O50 CONCR0O50 CONCRO50 CONCROS50 CONCROSO

HVENT 1 2 1 1.010 1.875 0.000

CVENT 1 2 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 2 3 1 1.800 2.485 0.000

CVENT 2 3 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 3 4 1 4.300 0.500 0.000

CVENT 3 4 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 3 5 1 2.000 0.500 0.000

CVENT 3 5 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 4 5 1 2.700 3.100 1.100

CVENT 4 5 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 5 11 1 1.800 3.500 0.300

CVENT 511 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 6 7 1 3.000 4.250 0.000

CVENT 6 7 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 6 8 1 3.000 4.250 0.000

CVENT 6 8 1 1.000 1.000 1,000 1.000 1.000 1.000
HVENT 6 9 1 3.000 4.250 0.000

CVENT 6 9 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 7 8 1 3.000 4.250 0.000

CVENT 7 8 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 11 12 1 0.050 9.800 3.300

CVENT 11 12 1 1.000 1.000 1.000 1.000 1.000 1.000
HVENT 6 11 1 3.000 2.400 0.000

CVENT 6 11 1 1.000 1.000 1.000 1.000 1.000 1.000
VVENT 7 3 4.54000 2

VVENT 8 4 5.75000 2

VVENT 10 7 4.54000 2

VVENT 10 8 6.97000 2
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VVENT 10 9 5.28000 2

MVDCT 1 2 1.000 0.300 1.00E-004 0.000 1.000 0.000 1.000 0 O
MVDCT 3 4 18.000 0.300 1.00E-004 0.000 1.000 0.000 1.0060 0 O
MVFAN 3 2 0.000 500.00 0.0073 0.000 0.000 0.000 0.000 O O
MVOPN 1 1 H 0.375 0.143 0 0 0 0

MVOPN 9 4V 0.500 0.070 O 0 0 O

INELV 2 0.625 0 O

INELV 3 0.625 0 O

2.4.4 Additional Ventilation

The T51.25 test incorporated a ventilation duct in the fire room. This duct was a naturally
ventilated, 0.4 m diameter duct that connected the fire room with the 1.600 level. The duct
started near the ceiling of the wall adjacent to burner #1, extended approximately 2 m into Level
1.600, and had its exit centered beneath the spiral staircase maintenance hatch. There was a
damper inside the duct that was adjusted during the fire tests to change the room ventilation.
Since the duct flow area changed during the fire test, it could not be modeled in CFAST as a
ventilation system as CFAST does not allow for time-dependent ventilation systems. Therefore,
this duct had to be modeled as a compartment. The initial attempt at including this duct was for
a horizontal connection to the fire room and a vertical connection to the spiral staircase
compartment using the actual elevations of the pipe openings. CFAST would not execute
properly with this configuration. As with the connecting volume developed for the C model, a
number of permutations were required to determined a configuration which would execute. The
final configuration for this duct was a 0.7 m x 0.7 m x 13.5 m compartment starting at an
elevation of 2.65 m with a 0.7 m x 0.18 m connection to the fire room and a2 0.35 m x 0.35 m
connection to the spiral staircase compartment This configuration preserved the true flow areas
at the vent connections. Ideally, since the duct was insulated in the test, the wall heat transfer
should be turned off as the presence of insulation makes the duct walls nearly adiabatic. CFAST
would not execute properly with the wall heat transfer turned off for this compartment. It would
run however using the 0.5 m thick concrete walls as used for other compartments in the model.
The vent connection cards for this compartment are shown below:

HVENT 112 1 0.700 2.750 2.570
CVENT 1 12 1 1.000 1.000 1.000 1.000 0.000 0.000 0.000 0.000
HVENT 9 12 1 0.350 5.050 4.700
CVENT 9 12 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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3 RESULTS

This section compares the CFAST predictions from the various models to measured data from the
actual tests. Instrument descriptions and locations can be found in the companion volume to this
report [1]. The subsections that follow will examine the effects of modeling assumptions and
geometry on the quality of CFAST predictions for test T51.21, compare predictions made for
varying test powers with CFAST predictions to examine the effects of fire power on CFAST’s
predictive capabilities, assess how well CFAST can capture time dependent ventilation conditions,
and examine CFAST’s sensitivity to input changes. In each of the figures that follow, the HDR
instrumentation is identified by its instrument number and its position in terms of the HDR
building elevation. Section 3 of Volume 1 [1] of this report shows the locations of the HDR
Sensors.

As this section discusses model comaprisons with data, it is important to define what the authors
consider a good versus a poor comparison. CFAST is designed to be a quickly executed
engineering tool with a relatively small learning curve. Therefore, CFAST can not be expected to
make exact or near exact predictions to the data especially given the complexity of the HDR
facility. However, it can be expected that CFAST should reproduce the same trends as seen in
the data, predict with reasonable accuracy the significant phenomena of the experiments, and not
introduce signifcant non-existing phenomena.

3.1 Model Comparison (T51.21)

This subsection compares the CFAST predictions to measured data for test TS1.21 for each of the
three models described in section 2. Test T51.21 was chosen as the fire power was large enough
to cause a noticeable temperature change throughout the HDR facility while remaining small
enough that a cold layer remained in the fire room throughout the test.

Figure 3.1 on the next page shows the layer heights calculated in the fire room for each of the
three models. For the first ten minutes of the fire the three models all predict that the fire room
layer quickly approaches an absolute elevation of +0.07 m. After ten minutes, the C model layer
height drops to -0.23 m and slowly increase back to -0.10 m; whereas, the A shows a slight
change in layer height to +0.06 m and the B model remains essentially unchanged. It is unclear
why the C model predicts a sudden drop in fayer height at 10 minutes since there is no physical
reason for it..

The next two figures, Figures 3.2 and 3.3, show the CFAST predictions for the fire room layer
temperatures.

The three models initially predict the same layer temperatures with the hot layer being
overpredicted and the cold layer being underpredicted. After the first ten minutes the C model
predicts both a higher cold layer and a higher hot layer temperature. This results in a much worse
prediction for the hot layer temperature, but a more reasonable temperature for the cold layer.
The reason for the cold layer temperature increase is the drop in layer height shown in Figure 3.1.

Results 3-1
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Figure 3.1: T51.21 Fire Room Layer Height
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Figure 3.2: T51.21 Fire Room Upper Layer Temperature
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Figure 3.3: T51.21 Fire Room Lower Layer Temperature

Figures 3.4 and 3.5 on the next page show predicted versus measured velocities at the fire room
doorway. Again, all three models agree until ten minutes into the fire when the C model diverges.
Since the CFAST prediction represents an average velocity in the layer and the measurement is a
fixed local position, a direct comparison between the two can only yield qualitative. Though
given the magnitude of the difference between the predicted and measured data, CFAST appears
to underpredict the lower layer velocities for all three models and overpredict the hot layer
velocity for the A and B models. However, if this is the case then the temperature predictions for
the fire room are less accurate than initially indicated. If the hot layer velocity is overpredicted,
this should act to decrease the fire room’s upper layer temperature, yet the code is overpredicting
this temperature. Similarly, if the cold layer velocity is being underpredicted, then this should act
to increase the lower layer temperature; however, the code is underpredicting the temperature.
Together, the velocity and temperature predictions indicate that CFAST is biasing the energy
balance in the fire compartment to the upper layer.
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Figure 3.6 shows that while the A and B models reasonably predict the magnitude of the oxygen
concentration in the doorway, they do not do a reasonably follow the general trend of the data.
The data show a continuous decrease in the oxygen concentration; whereas, the A and B models
predict a constant value which does not increase after the end of the fire. The C model performs
well for this parameter. It closely matches both the magnitude and trend shown in the data;
however, as with the A and B models it does not predict the recovery of the oxygen concentration
close to its pre-fire level. Furthermore, the C model displays a distinct stairstep behavior which
may be a result of poorly defined branching conditions within the species tracking algorithms.

In Figure 3.7, similar behavior is observed for the CO, concentration as was seen for the oxygen
concentration. This indicates that the difficulties that CFAST is having with species concentration
is generic to the transport algorithm and not specific to a given species. As with the O,
concentration, the A and B models predict a steady-state concentration that is not impacted by the
cessation of the fire. The C model correlates well with the data for the duration of the fire, but
does not calculate the reduction in the CO, concentration observed after the fire ends. The root
cause of this latter difficulty, predicting the post fire species concentration, appears to be that
CFAST predicts the upper layer velocity to be zero immediately after the fire ends rather than
allowing it to decay to zero as shown in the data. The velocity is predicted to be zero because
CFAST calculates that the upper layer collapses immediately after the end of the fire.

Figure 3.8 indicates large deficiencies are present in the species transport algorithms. The A and
B models predict that no CO; is convected into the lower layer of the doorway; however, the C
model correctly predicts the measured CO; concentration. While differences in layer heights and
mass flow rates between the models exist, those differences are not large; hence, the poor

Results 3-5



NUMAFIRE:05-97

performance of the A and B models is puzzling and indicates that the transport model is seemingly
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Figures 3.9 and 3.10 show the comparison of the CFAST predicted layer temperatures for the
hallway and the measured data. The sensors for which the data are shown in the plots lie at
different distances from the doorway of the fire room, and, thus, form a sort of average
temperature for the hallway. For the A and B models, similar results can be seen as with the fire
room temperatures. That is the hot layer is overpredicted and the cold layer is underpredicted.
For the C model, the quality of prediction has been altered. In the fire room the C model greatly
overpredicted the upper layer temperature but is in agreement with measured temperatures in the
lower layer. For the hallway, the C model results in fair agreement with the temperatures of both
layers once the shift in predicted values at ten minutes occursas the predicted temperatures lies
within the range of measured tempertures. As discussed earlier in reference to the predicted layer
heights, it is unclear as to why this shift in predicted values occurs at ten minutes.

Figures 3.11 and 3.12 show the CFAST predicted temperature and velocity compared with the
data in the maintenance hatch leading from Level 1.600 to Level 1.700. Only the B and C models
are shown on these plots as the A model did not include Level 1.600. In Figure 3.11 the
measured data are for locations about 2 m above the floors of Level 1.600 and Level 1.700. The
CFAST results represents the average temperature for Level 1.600. Thus, one would expect the
CFAST prediction to lie close to the Level 1.600 thermocouple. The figure shows that the B
model prediction lies slightly above the measured data for Level 1.600, and the C model lies
significantly above this temperature. The B model appears to be correctly predicting the
temperature and hence the vertical entrainment. The C model results indicate that the predicted
entrainment rate is too low. Figure 3.12 confirms these observations. The B model velocity is
close to that measured in the hatch which indicates that the correct entrainment is being predicted.
The C model velocity is significantly lower than the measured velocity which indicates that the
entrainment is being underpredicted. However, a closer look at the results indicates there is more
to these results. At negative times, before the fire starts, the B model is already predicting a large
velocity without any driving force present. Since there is no temperature difference with the
ambient conditions, nor any wind there is no physical reason why such a flow should exist. A
further examination of this is made in the appendix.

Comparing the code predictions to the data for each of the three models leads to the conclusion
that the C model overall provides the best predictions of the HDR’s response to the gas fires
under consideration. The C model reasonably predicts the major phenomena observed in the fire
tests including layer temperatures, gas concentrations, and vertical flows. This is likely due to the
attempt to include additional regions of the facility to capture the predominate flow pattern
observed in the building, specifically the large global circulation up the main staircase and down
the spiral staircase. However, the intermediate model, the B model, which included more of the
building’s complexity than the A model, did not perform better than the A model. Both models
had difficulties predicting lower layer gas concentrations and the B model predicted a large,
unphysical flow prior to the start of the fire.
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3.2 Constant Ventilation (T51.11,T51.21, and T51.23)

This subsection will compare the CFAST predictions to measured data for tests T51.11, T51.21,
and T51.23 for the C models described in Section 2.4.3. These three tests span the range of fire
powers used in the T51 test series, and thus, constitute a comprehensive challenge for CFAST.

Figures 3.13 and 3.14 on the next page along with Figure 3.2 on page 3-2 plot the CFAST
predicted upper layer temperatures in the fire room. For test T51.11, CFAST overpredicts the
layer temperature by 50 °C. For test T51.21, CFAST overpredicts the temperature by 180 °C.
However, for test T51.23, the CFAST predicted temperature matches the measured temperatures
in the fire room. The CFAST hot layer predictions do not appear to be consistent as the deviation
appears to have little correlation to the fire power. It is also interesting to note that the CFAST
predicted fire room temperatures for T51.11 has a spike near +15 minutes. Considering that the
remainder of the temperature prediction and the data both show a smooth variation in
temperature, this spike must be considered a numerical artifact. Lastly, it is worth noting that the
data for test T51.11 shows that the upper layer temperatures in the fire room reached a
steady-state value approximately 35 minutes into the fire. CFAST does not reach a steady-state
value at any point in its predictions, and thus, misses completely this new equilibrium state.

The predicted vs. measured lower layer, fire room temperatures are shown Figures 3.15, 3.16 and
3.3 on page 3-3. For the lower layer temperatures, CFAST overpredicts slightly for T51.11,
predicts the temperature well for T51.21, and underpredicts for T51.23. For the lower fire
powers, CFAST calculates well the fire room lower layer temperature indicating that heat transfer
to the lower layer is being modeled reasonably well. Though the lower layer temperature for
T51.23 is being underpredicted, this does not indicate a failing on the part of CFAST. During
T51.23 the fire room reached flashover conditions indicated by the high temperatures measured in
the lower layer. This means that there was no distinct lower layer in the room, and zone model
codes which are based on the assumption of the existence of two layers should not be expected to
handle flashover conditions well.

Upper layer velocities in the doorway are shown in Figures 3.17, 3.18, and 3.4 on page 3-4. Both
the T51.11 and the T51.23 predictions are a factor of two less than the measured velocities in the
doorway. Even though the measured velocities represents a point velocity and the CFAST
velocities represent averaged quantities, a factor of two difference indicates that the velocities are
being underpredicted. The T51.21 velocities, however, are very well predicted. Again, as with
the upper layer temperatures, the deviations from the measured data do not correlate with the fire
power. All the models show a discontinuity in the predicted velocity at +10 minutes which echoes
the change in layer height shown in Figure 3-1. However, as was previously mentioned it is
unclear as to why this jump occurs.
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Figure 3.19 shows the lower layer velocity for T51.23 and Figure 3.5 shows the lower layer
velocity for T51.21. No velocity probe existed in the lower layer for T51.11, so no comparison
can be made for that test. For both tests CFAST is predict velocities significantly lower than the
measured velocities, again indicating that even accounting for point vs. average measurements
that the velocities are being underpredicted. Lower overall velocities in and out of the fire room
would cause higher fire temperatures which could account for the discrepancies seen in the upper
layer temperatures for tests T51.11 and T51.23, but since T51.21°s upper layer temperature was

well predicted, there are other errors present in the CFAST solution that wind up compensating
the flow error for T51.21.
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Figure 3.19: T51.23 Fire Room Lower Layer Velocity

Figures 3.20 and 3.21 on the following page show the upper and lower CO, concentrations for
test T51.23. Figures 3.7 an« 3.8 show this for test T51.21. Test T51.11 had no sensors for CO;
concentration in the lower layer, and the upper layer sensor was nonfunctional for test T51.11.
For both the upper and the lower layer, CFAST performs well in predicting the CO,
concentration. In the lower layer the CO, concentration is overpredicted slightly by CFAST, but
not by a significant amount. CFAST performs well for this parameter.

Figures 3.22 through 3.25 along show the upper and lower layer temperatures in the hallway for
tests TS1.11 and T51.23. Figures 3.9 and 3.10 show these temperatures for test T51.21. In all
cases the CFAST code correctly predicts the temperatures measured in the hallway. Since
CFAST did not correctly predict the fire room temperatures, there exists some compensating
error or errors in the code that allows CFAST to correctly predict the hallway temperatures.
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The next few sets of figures cover phenomena occurring on levels above Level 1.400. Thus, they
represent the real test of CFAST’s capabilities. The first set consisting of Figures 3.26, 3.27, and
3.11, page 3-9, show the measured vs. predicted temperatures in the main staircase hatch between
Level 1.600 and Level 1.700. The measured temperatures that are depicted are from
thermocouple locations located at the midpoint of the levels above and below the hatch between
Level 1.600 and Level 1.700. Since the CFAST temperature represents the average temperature
seen in the compartment at Level 1.600, the prediction should lie near the Level 1.600
thermocouple’s measurement. In all cases the CFAST prediction is significantly higher. This
indicates that CFAST is not entraining enough air into the rising plume. However, in Figures
3.28,3.29 and 3.12 which show the measured vs. predicted velocities at the hatch, CFAST
underpredicts the velocities by a factor of two for all the tests. This indicates that CFAST is
overpredicting the energy removal from the plume and thus calculating the velocity too low. This
conflicts with the overpredicted temperatures, however.

The final three figures, Figures 3.30, 3.31, and 3.32, show the predicted vs. measured
temperatures for the remainder of the HDR facility above Level 1.600. For each of the
experiments modeled, CFAST predicts reasonable temperatures for this portion of the HDR
facility. However. since this region of the HDR experienced much smaller temperature increases
than the remainder of the facility, it’s impact on heat removal for these tests was small and as such
it should be expected that the code should also consider this impact as small.

Overall, the CFAST comparisons have shown mixed results. Gas concentrations are well
predicted by CFAST. Velocities are in general not well predicted by CFAST. Layer
temperatures are predicted with some success, but the types of errors seen are not consistent
between different experiments.
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Figure 3.29: T51.23 Main Staircase Hatch Velocity at Level 1.600
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3.3 Time Dependent Ventilation (T51.25)

Test T51.25 was a repeat of test T51.23 with modified room ventilation using the additional
ventilation duct connecting the fire room to Level 1.600. For the first 30 minutes of the fire the
additional vent was 100% open. For the second 30 minutes of the fire the vent was fully closed,
therefore, for the second half of the fire the ventilation parameters were the same as for test
T51.23.

The figures on the next page, Figures 3.34 and 3.35, show the measured and predicted hot and
cold layer temperatures in the fire room. With the addition of the extra fire room ventilation
CFAST predicts very well the hot layer temperature throughout the fire test as opposed to the
T51.23 model which overpredicted early fire room temperatures. However, as with T51.23,
CFAST did a substantially underpredicts the lower layer temperatures. In addition to the greatly
underpredicted temperatures, CFAST still predicts a jump at +10 minutes.

The CFAST predicted fire room layer height for is displayed for test T51.25 in Figure 3.33 along
with the predicted layer height for T51.23. The additional vent resuits in oscillatory behavior
early in the fire test with a more severe jump at +10 minutes. Furthermore, up until the +10
minute discontinuity, the layer height for T51.25 is on average predicted to be below that for
T51.23. Since the additional vent acts to remove heat from the top of the fire room in addition to
the doorway, it seems likely that the cold layer for T51.25 should be larger than for T51.23. This
is shown in the temperature data for the fire room, Figure 3.35, which shows cooler temperatures
in the lower layer of the fire room with the additional ventilation duct. It would appear that
multiple fire room vents may create difficulties for CFAST.
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Figures 3.36 and 3.37 on the next page show the upper layer concentrations of oxygen and carbon
dioxide. During the first half of the fire test, the open ventilation duct results in higher O; and
lower CO, concentrations than for test T51.23. The levels quickly shift towards the T51.23
values once the duct is closed. During the vent open phase of the test, CFAST performs very well
in predicting both the CO, and the O, concentrations. However, once the vent closes, CFAST
does not predict the correct magnitude of change in the gas concentrations.

The next two figures, Figures 3.38 and 3.39 on page 3-27, show the measured vs. predicted
velocities in the fire room doorway. The overall effect of the vent is to reduce the flow velocity
through the fire room doorway. In the upper layer, Figure 3.38, this results from gasses venting
through the duct rather than the doorway, and in the lower layer, Figure 3.39, this results from a
larger cold flow area which acts to reduce the velocity field. CFAST performs well in calculating
the lower layer flow which experiences little impact from the vent changes. In the upper layer,
CFAST does not perform as well. The doorway flow calculated in the early portion of the test is
very unstable, whereas the data shows a stable flow developing almost immediately. There is also
some instability in the predicted results when the vent changes position which is not reflected in
the data. CFAST does not succeed in predicting flows which are dependent upon multiple
ventilation parameters.

Figures 3.40 and 3.41 on page 3-28 show the measured vs. predicted temperatures in the hatch
between Level 1.400 and Level 1.500 and for the levels above Level 1.600. CFAST accurately
predicts both the trend and the magnitude for the temperatures in the hatch at the entrance to
Level 1.500. The prediction lies between the measured data taken above and below the hatch,
and the magnitude of the temperature shift resulting from the vent closing is reproduced well be
CFAST. In the dome, CFAST does not perform as well. The data indicates that early in the test,
regions of the upper level see temperature changes of over 20° C due to the plume rising from the
ventilation duct up the spiral staircase hatches. CFAST calculates a temperature increase in the
first ten minutes of the fire test which is not seen on the data, and that temperature increase is not
sustained. The early temperature increase decays to a temperature lower than the temperature
predicted for test T51.23, even though there is more energy transfer from the fire room to the

upper levels at this stage in the test. After the vent closes, CFAST predictions begin to match the
measured data.

The final two figures in this section on page 3-29 show the measured temperature and velocity
inside the ventilation duct. CFAST performs well in predicting the velocity inside the duct, Figure
3.42, though it does overshoot the measured velocity and calculates a near instantaneous stable
flow whereas the data never reaches stable flow before the vent closes. CFAST does not perform
as well in predicting the temperature inside the duct, Figure 3.43. However, since the duct was
insulated for the experiment and CFAST would only run when modelling the pipe with concrete
walls, this is most likely due to the heat transfer of the duct as modeled in CFAST versus the
actual duct. Most likely, heat losses to the duct is a major factor in CFAST’s failure to capture
the increased upper level temperatures. Improvements in the code’s stability in this case would

improve its predictive capabilities by eliminating the need to have these unneeded heat transfer
surfaces.
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3.4  Sensitivity (T51.11)

A series of eight permutations were made to the reference T51.11 C model to test CFAST’s
sensitivity of results to changes in input parameters. The eight permutations were grouped into
pairs of changes for four different input parameters likely to have had experimental error in their
determination. The four pairs of permutations were:

1. Fire power: The actual fire power may have varied due to errors in measuring gas flow rate.

» Increasing the fire power by 10%
e Decreasing the fire power by 10%

2. Radiant heat fraction: No data was given for this parameter so the user must supply a value
which leads to the question of how much does the user’s choice effect the end results.
 Decreasing the radiant heat fraction by 50%, i.e. changing it from 10% to 5%.

» Increasing the radiant heat fraction by 50%, i.e. changing it from 10% to 15%.

3. Vent opening beneath curtain: The curtain hung around the maintenance hatch is the most
likely spot for an error in geometric measurement as it is not a fixed surface.
 Increasing the gap beneath the maintenance hatch curtain by 10 cm.

e Decreasing the gap beneath the maintenance hatch curtain by 10 cm.

4. Gas burner fresh air supply: The actual air supplied to the gas burners is also a likely source of
error. This would change the combustion products of the fire, especially the CO, and CO
yields. Modifications to the air supply included the changes in combustion products as per the
data in reference [4].
 Decreasing the gas burner air supply by 0.2 required air to 0.9 required air.

o Increasing the gas burner air supply by 0.2 required air to 1.2 required air.

The remainder of the subsection will discuss CFAST’s sensitivity in terms of some of the more
significant output parameters. While the permutations were run for the same time history as the
previously discussed models, the output is only displayed for the time from 0 minutes to 25
minutes. This was done to eliminate the uninteresting regions for comparison, namely the steady
state conditions before the fire ends and the near equilibrium flow conditions reached near 30
minutes test time. In this approach the focus is placed on the initial transient period of the fire
where the permutation’s effects are most notable.

The first figure, Figure 3.44, shows the predicted temperatures for the upper layer of the fire
room. As expected, changes in the pyrolisys rate result directly in shifts in the temperature in the
direction of the pyrolisys change. Changing the radiant heat fraction of the fire has a small effect
on the layer temperature in the opposite direction of the change. The small magnitude of the
temperature shift indicates that CFAST is not very sensitive to this parameter in determining
temperatures. Changing the height of the curtain has an interesting effect on the results. For the
first 15 minutes of the fire the larger curtain gap has higher temperatures, and for the second 15
minutes of the fire the smaller curtain gap has higher temperatures. As the slightly increased gap
should aid in the early ventilation of the fire room, it is puzzling that the code would predict
higher temperatures early in the fire. Changing the burner air supply also has an interesting effect
on the layer prediction. The changes made in the input were such that the fire power was not
affected and both cases had the same heat output to the fire room. Therefore, since CFAST uses
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a constant specific heat and the heat release rates were identical for the two cases, there should be
no discernible difference between the two cases in terms of temperatures except for those caused
by air flow out of the room. Because the increased air supply case has a larger air flow into the
fire room, it should result in a higher mass flow rate out of the fire room and thus lower upper
layer temperatures. This is not the case; however, as the changes in air supply resulted in
temperature changes larger than any other permutation except modifying the fire power.
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Examining the predictions for the fire room’s lower layer temperature, Figure 3.45, yields similar
results to those of the upper layer. Changing the pyrolisys rate has the expected effects on
temperature. The radiant heat fraction change has a large effect on the lower layer; however,
since the lower layer temperatures are low to begin with any small changes in heat input should be
expected to yield noticeable results. There is again the interesting and unexpected result that
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increasing the vent space below the curtain results in higher fire temperatures in the first fifteen
minutes of the fire. In the lower layer, the changing of the burner air supply has a small effect on
the room temperature. Unlike the upper layer, however, this change is in the expected direction.
That is the reduced air supply with its expected reduced mass flow out of the fire room has a
higher temperature, and the increased air supply has a lower temperature

Figure 3.46 shows the fire room layer height as predicted by each of the sensitivity cases. A small
change in layer height can be seen for the modified fire power cases which is expected. The
remaining cases with the exception of the increased burner air supply case result in nearly
indiscernible changes in the layer height. The increased burner air supply case predicts a
noticeably lower layer height than the base case. This is somewhat contradictory to the higher
upper layer temperature that was predicted as an increased volume of the upper layer should
results in a lower temperature.

The next two figures, Figures 3.47 and 3.48, depict the predicted upper and lower layer velocities
for the fire room doorway. Once again, changes in the fire power yield the expected results that a
larger fire has a greater mass efflux in the doorway. Changes to the radiant heat output had little
observable effect on the velocities at the doorway. Changing the size of the gap below the curtain
had no effect on the velocities for the first fifteen minutes of the fire, but for the latter portion of
the fire the larger gap had larger flow rates. As with other parameters, changing the air supply
had unexpected results on the flow rates. Both the decreased and the increased air supply cases
resulted in decreased flow rates for the upper layer and increased flow rates for the lower layer.
One would not expect that both modifications would result in code predictions being shifted in the
same direction. Lastly, all the permutations contain a sudden decrease in velocity at +15 minutes
which is not depicted by the data.
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The final figure of this subsection, Figure 3.49, shows the upper layer temperature beneath the
maintenance hatch on the 1.400 Level. As can be seen each of the permutations has a large effect
on the hatch temperature in the first few minutes of the fire. As the flow develops, however, this
result changes. The fire power changes has its usual expected differences of a higher temperature
for a higher fire power. The radiant heat changes also has the anticipated effect for this
parameter, which is a lower radiant heat fraction results in more heat transfer to the combustion
products leaving the fire room which should result in higher upper layer temperatures outside the
fire room. The curtain modifications also have expected results. The smaller curtain gap, which
acts to reduce mixing with colder air in this compartment results in higher temperatures, while the
opposite is true for the larger curtain gap. Lastly, the changes to the gas burner air supply yields
output changes that would seem to indicate that a higher heat output is released by the fire, which
is not the case.

Overall it can be concluded that CFAST results are very sensitive to input changes that directly
effect the fire, i.e. changes in the pyrolisys rate or the combustion products. Changes to the
radiant heat fraction have little effect on the end results of a calculation for this experiment.
CFAST results are not very sensitive to this parameter and it would appear that little emphasis
should be placed on determining the appropriate input values for this parameter given the current
models. Vent opening changes at rooms not immediately coupled to the fire room also have small
effects on the end results calculated. This would indicate that modeling cfforts in terms of room
size accuracy should be focused on the fire room and adjacent compartments.
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4 OBSERVATIONS AND COMMENTS

This section documents the general usability impressions the authors had while using CFAST for
simulating the HDR T51 gas fire experiments. The first part addresses the accomplishments by
and with CFAST over the spectrum of experiments covered during this validation effort. The
second part covers differences and deviations in comparison with the data, behavior during code
execution, performance of the implemented models, comments about the documentation, and
comments about the capabilities and limitations of pre- and post-processors. The comments are
made with respect to performance based trends as they impose requirements in terms of quality.
The chapter closes with suggestions for continued validation.

4.1  Accomplishments with CFAST

The following accomplishments were achieved with CFAST during the validation efforts using
the gas fire tests T51.11, T51.21, T51.23, and T51.25. The accomplishments listed in the
following refer to the predictions made by the C model which was determined to be the best
overall of the three models used in terms of performance:

» Even though CFAST was developed to handle open structures, i.e. structures with large
leakage rates to the outside, and fixed state ventilation systems, the current input options
were sufficient to reasonably model a closed building with a time dependent ventilation
system.

» Fire room layer temperatures were reasonably well predicted though there was a tendency to
overpredict the upper layer and underpredict the lower layer. Upper layer predictions were
especially good for the higher power tests though flashover conditions for these tests resulted
in poor lower layer temperature calculations.

s Velocity predictions through the fire room and the hallway were qualitatively comparable to
measured velocities.

» Gas concentrations are well predicted during the course of the fire.

« Basic trends for temperature, velocity, and gas concentration were captured by CFAST when
modeling the ventilation change test, T51.25.

» The velocity prediction in the additional ventilation duct was excellent, Figure 3.42.

» CFAST responds as expected to changes in the inputted fire power.

» CFAST is relatively insensitive to small changes in input parameters indicating an overall
stability within the code’s models and algorithms, although the authors’ note that using a
higher powered fire test for a comparative sensitivity study may yield a different conclusion.

4.2 User Observations

This subsection documents various aspects of code usage, applications, and executions that were
observed by the authors during this project.

4.2.1 Model Building

For simple building structures, the model development is a simple task. The user can directly
translate rectangular rooms with rectangular doorways to equivalent CFAST compartments. The
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HDR and many other buildings, however, are complex structures. The HDR has multipie levels,
compartments have multiple, irregularly shaped vent connections in all directions to other
compartments, and the compartments themselves are rarely rectangular parallelepipeds. These
particular features do not readily translate to the compartment geometry used by CFAST. The
User’s Guide gives no guidance to the model builder for dealing with these difficulties. The user
must guess at appropriate simplifications for modeling complex structures and hope that those
assumptions will function properly. As the results for the three models developed for this report
show, reasonable assumptions may lead to unreasonable results as demonstrated in the B model

with its unphysical flow through the main staircase maintenance hatches as discussed in Section
3.1. h

In addition to general difficulties in creating input models without guidance, creating a model
capable of being executed can also be a challenge. When modeling multiple level structures,
CFAST’s treatment of layer heights in compartments connecting levels can lead to unstable
conditions and either cause the code to abort execution, or reduce the time step to near zero.
Under these condition, which were experienced in the C model, discussed in Section 2.4.3, and
the additional ventilation models, Section 2.4.4, the problematic compartment must be modified
until the code runs. This must be accomplished without any guidance from the user’s manual in
resolving such difficulties. In the cases of both the C and the additional ventilation models,
these manipulations resulted in a compartment that preserved some, but not all of the desired
geometric features, thereby leading to possible distortions.

42.2 Observations During Code Execution

There are a number of issues related to CFAST’s runtime stability that occur when running the
code. The following summarizes a few observations:

 If a simple, one room, constant power fire, vent to the outside model is created, it will run
without any problems. Attempting to restart this model results in the code’s time step being
reduced from seconds to microseconds. The time required to execute a model with
microsecond time steps is considerable; therefore, the restart feature appears to be of little
use for practical purposes. However, since the restart capabilities are poorly documented in
the user’s, the aforementioned outcome could primarily result from user error.

e Asdiscussed in Sections 2.4.3 and Sections 2.4.4, very small changes in input parameters
can mean the difference between a case that executes and a case that essentially does not.
This is indicative of a generic instability induced by the discretized equations.

o A case can be executing successfully with large time steps and with well-behaved room
temperatures and layers, and suddenly have time step sizes drop down to nanoseconds where
they remain with no apparent reason for these difficulties. This occurred during attempts to
generate a working C model and additional ventilation model.

4.2.3 Physical Models

The following are some observed deficiencies in the CFAST physical models:
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¢ Use of the SHAFT keyword results in significantly different layer heights in neighboring
compartments for simple models. As a results of this observation none of the HDR
compartments were modeled using the SHAFT keyword, even though compartments such as
the staircase could be considered shafts.

» CFAST is not able to compute fires in a completely sealed structure. Granted most
structures have large leakages; however, there do exist specialized industrial facilities that
are essentially sealed.

« The vertical flow correlations can result in large nonphysical flows as seen in the B model,
see Figure 3.12 and Appendix B. It is important to note that these nonphysical flows cannot
truly be attributed to a stack effect. The stack effect requires a temperature difference or a
wind speed at the top of the stack. In the case of the B model there was neither.

» Gas mixing between hot and cold layers can vary greatly with small model changes. It is
possible for CFAST to not calculate any mixing between layers. This was seen in the CO;
concentrations in the lower layer of the A and B models, see Figure 3.8.

 Post fire mass flow rates drop very quickly, when in fact, after a sustained fire, buoyancy
effects and radiant heat from structures should cause flow fields to decay more slowly as
shown by all the cooldown phases of the HDR-experiments documented in [1] and Section 3.

» (as concentrations at the end of a fire do not gradually return to ambient levels, but rather
recover slightly and level off at a platean. This is a secondary effect of the lack of a proper
cooldown prediction.

» Another secondary effect of the lack of a cooldown period is that the upper layer collapses
nearly instantaneously at the end of the fire causing lower layer temperatures to spike up.
Though this spike is accurate given the collapse of the upper layer, it obscures information
about conditions at the floor level in a compartment.

» CFAST has difficulties with post-flashover fires as seen in the results for test T51.23 in
Figure 3.16 where CFAST greatly underpredicts the cold layer temperatures in the fire room.
Since a zone model requires a cold layer, it seems unlikely that this issue can be completely
resolved without changes to the basic CFAST assumptions, or incorporation of a special
model covering this aspect.

» The ventilation change test, T51.25, shows a series of oscillations in the fire room
parameters that result from the code bifurcating between the two flowpaths out of the fire
room before settling into some steady flow rate out of both.

 The fire room hot layer temperatures for test T51.11 contains a spike discontinuity at +10
minutes, Figure 3.13, which is not seen in any other parameters or in other fire tests.

s For all of the C model predictions there is a sharp, significant shift in predicted values at +10
minutes.

4.3 User Comments

The following documents general issues related to current documentation and pre- and
post-processing options.

43.1 Documentation

The documenfation readily available to CFAST users consists of the technical description of the
code [3] and a user’s guide [2]. Both of these documents are written for older versions of the
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code than the current release. The documentation gives a good review of the physical models
used in the code and some of the assumptions that went into them; however, since they are for
older versions of the code the extent to which these descriptions are still valid for the current
release is not easily determined. The documentation also has a well writien summary of all the
input variables for the code version it was written for as well as the actual variables used internal
to the code. There are a few improvements that could be added to the current documentation.

» Updated documentation of the new variables available in the current CFAST version.

« The documentation gives little advice on how to model structures with complex floor shapes,
complex ventilation systems, or multiple levels. Without guidelines for modeling complex,
real structures, the reliability of any computation can not be judged. The unfortunate result
of this is that CFAST has a very high user effect which will limit its usefulness for
performance based applications.

« The documentation poorly describes how to use the runtime plotting features of CFAST.

¢ The CFAST input files used for verification purposes are not provided as an appendix or
with the code distribution disk.

« The restart capabilities of the code, including its limitations and guidance on how to use it,
are not documented.

43.2 Pre -Processing

CFAST users have two options for pre-processing. Users can either create the ASCII input file
by hand with a text editor or use a GUI input processor. Using a text editor to create an input file
is fairly straight forward; however, this route lacks syntax checking and other logic to verify the
validity of an input file. Thus, use of the GUI input processor has clear advantages.
Unfortunately, this route is lacking in a number of aspects, which are summarized below:

e When beginning a new case the user is forced to chose among a very limited set of
predefined fire scenarios. If the desired fire does not exist among this group, the user is
forced to choose an unwanted distribution, then delete it time point by time point, and then
redefine the fire.

« When creating a ceiling/floor vent, the syntax checking logic will sometimes declare two
rooms being unconnectable, when in fact they do meet the requirements for having a
ceiling/floor vent between them.

o The input file generated by the preprocessor is not very readable. That is, the spacing and
numerical format used for writing the various input cards results in a file that is difficult to
read.

« If one is editing a time based parameter and wishes to delete or insert a time point, there is
no easy way to do this. The only method available is to delete from that point forward and
reenter the numbers.

o When reading in a previously created input file, the preprocessor performs error checking on
that file. If the error checking discovers a problem with a vent, it deletes the entire vent.
This of course removes all information about that vent from the file. It would be more
useful to flag those portions of a vent description that are invalid as bad and allow the user to
change them without having to recreate the entire vent.
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* When editing room data and room connection data only the currently selected compartment
can be modified. To change another compartment the user must close the edit menu, select
another room, and then reopen the edit menu. The ability to stay in the edit menu and cycle
through compartments would be desirable.

» The preprocessor is a DOS based program. Considering that CFAST appears to be

2225 PP -SSR

predomlnately executed on x86 compauble platforms and that almost all of these are running

some version of Windows, remaining in the DOS environment only resiricts the ease of use
of the processor and complicates its upgrading

4.3.3 Post-Processing

There are two post-processing utilities, REPORT and CPLOT. REPORT generates an ASCII
output file containing user specified sets of data. CPLOT extracts individual parameters from

the CFAST binary history file and plots them; it is also capable of saving the parameters in
ASCII format.

Vet oW Ualsal

With CFAST v3.0 the DlggeS[ (lllIIClll[y the authors had with pOSt-prOCESSmg was that no blmplt:
way existed to take the binary history file and extract data in a format suitable for use with a
spreadsheet. REPORT’s output, while in ASCII format and capable of accessing all parameters,
was in a row based format that could not be used easily in a spreadsheet. CPLOT was capable of
outputting parameters in a columnar time vs. parameter format; however, it did not access all
parameters; for exampie, horizontal openings, and it could only write six parameters at a time 10
a file. CFAST v3.1 can now post-process files into a spreadsheet format, which is a large step in
the right direction. The second difficulty arose in attempting to compare the results of two
different CFAST cases using CPLOT. One can read and plot with CPLOT data from multiple
CFAST executions, which is very useful for performing quick sensitivity checks. However,
ventilation mass flow rates cannot be read in from multiple files. The internal data set
verification does not recognize vent flows from two different input files as being independent
data sets. A final problem with post processing occurred when attempting to write ASCII data
files from within CPLOT. When CPLOT requests a file name to be used for saving from the
code user, it does not set any previous filename to a null string rather it just overwrites the

previous filename used. Therefore, if some data are saved to a file named datal.txt and then
tried to save to d.txt, CPLOT will try to save a file called d.txt.txt which will of course yield an
error message as it is not a valid DOS filename.

4.4  Suggestions for Further Validation

While the gas fire tests contain a large number of phenomena of interest to performance based
codes, there are some deficiencies in this test series for a complete validation of a computation
tool like CFAST. This test series contains data regarding flashover, ventilation system changes
during a fire, and large vertical shafts. Since the gas fires were premixed with air, this test series
does not examine underventilated fires. Also, since the fire was low in the containment
building, the large dome region saw a minimal impact from the fire. Therefore additional
validation for large atrium spaces is suggested. Lastly, the work performed for this report
indicates that further study is needed to resolve how to appropriately model structures with
multiple, vertical shafts. Some of these issues will be addressed during the continuation of
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research work during the FY 1998 on the basis of validation efforts regarding the wood crib
fires, T51.16-18, as well as the high-positioned hydrocarbon fire test series, T52, which
specifically addressed entrainment, large plume behavior, and high-ceilinged compartments.
Furthermore, it is suggested to perform an additional sensitivity study of the type presented in
Section 3.4 for an experiment with higher fire power, i.e. T51.21 or T51.23..
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This appendix gives the complete CFAST input file for all computations documented in this
report. The filename nomenclature isT51XX-YZ.INP where XX indicates the test number in the
T51 test series, Y indicates the CFAST model variant (A, B, or C), and Z indicates a model
permutation as used in the parametric studies documented in Section 3.4.

T5111-C.INP:CFAST input file for Test T51.11 (229 kW) using the C model with no additional ventilation.

VERSN 3T751-11: 9 Room+Dome+Level 1.4 Co
TIMES 5500 100 50 0 0
DUMPR T5111-c.HIS

STPMAX 1.00000

TAMB 288.000 101300. 0.000000

£AMB  288.000 101300, 0.000000

HI/F 0.250 0.000 0.000 0.000 0.000 1
WIDTH 2.950 4.950 4.300 4.330 1.800
DEPTH 3.650 1.800 2.750 2.720 6.350
HEIGH 2.750 2.485 11.100 11.100 3.500
CEILI FIRECEIL YTONG100 CONCROS50 CONCROS50
WALLS YTONG250 YTONG100 CONCR0O50 CONCRQ50
FLOOR FIRE_FLR CONCR100 CONCRO5C CONCROSQ
HVENT 1 2 1 1.010 1.97% 0.000

CVENT 1 2 1 1.000 1.000 1.000 1.000
HVENT 2 3 1 1.800 2.485 0.000

CVENT 2 3 1 1.000 1.000 1.000 1.000
HVENT 3 4 1 4.300 0.500 0.000

CVENT 3 4 1 1.000 1.000 1.000 1.000
HVENT 3 5 1 2.000 0.500 0.000

CVENT 3 5 1 1.000 1.000 1.000 1.000
HVENT 4 5 1 2.700 3.100 1.100

CVENT 4 5 1 1.000 1.000 1.000 1.000
HVENT 5 11 1 1.800 3.500 0.300

CVENT 5 11 1 1.000 1.000 1.000 1.000
HVENT 6 7 1 3.000 4.250 0.000

CVENT 6 7 1 1.000 1.000 1.000 1.000
HVENT 6 8 1 3.000 4.250 0.000

CYVENT & 8 1 1.000 1.000 1.000 1.000
HVENT 6 9 1 3.000 4.250 0.000

CVENT 6 9 1 1.000 1.000 1.000 1.000
HVENT 7 8 1 3.000 4.250 0.000

CVENT 7 8 1 1.000 1.000 1.000 1.000
HVENT 11 12 1 0.050 9.800 3.300

CVENT 11 12 1 1.000 1.000 1.000 1.000
HVENT 6 11 1 3.000 2.400 0.000

CVENT 6 11 1 1.000 1.000 1.000 1.000
VVENT 7 3 4.54000 2

VVENT 8 4 5.75000 2

VVENT 10 7 4.54000 2

VVENT 10 8 6.97000 2

VVENT 10 8 5.28000 2

MVDCT 1 2 1.000 0.300 1.00E-004 0.0
MVDCT 3 4 18.000 0.300 1.00E-004 0.0
MVFAN 3 2 0.000 900.00 0.0073 0.0
MVOPN 1 1 H 0.375 0.143 0 0 O O
MVOPN 9 4 V 0.500 ©0.070 0 O 0 O
INELV 2 0.625 0 O

INELV 3 0.625 ¢ O

CHEMI 44.000 0.000 0.000 4.850E+007 3
LFBC 1

LEBT 2

CJET OFF

FPOS 1.47500 3.65000 0.00000

FTIME 1060.00 101.00 3700.00 3701.
FHIGH 0.00000 0.00000 0.37500 0.375
FAREA 0.00000 0.000060 0.14300 0.143
FMASS (0.00000 0.00000 0.00484 0.004
FQDOT 0.00000 0.00000 225000. 22500
HCR 0.00000 0.00000 0.22200 0.222
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nnect

1.
7.
7.
4.
CONCRO50
CONCRO50
CONCROS50
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000

00
00
00

1.00
1.00
0.00

00.000

00
00
00
84
0.
00

550
.0
.0
.0
.0
.2

[eReNoNoRol

11.
4.
2.
5.

100 11.100 11.100
300 4.330 9.670
750 2.720 9.670
050 5.050 5.050

CONCROS50 CONCRO50
CONCRO5C CCNCRO50
CONCROS0 CONCRO50
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000

1.000

0
0
0

0.000
0.000
0.000

1.000
1.000
0.000

0
0
0

388.000 0.100

0.00
0000
0000
0000
0000
2200

.00000
.00000
.00000
. 00000
.22200

[eNoleNoNe]

16.150 0.300
14.370 3.000
14.370 3.000
34,950 13.200

CONCRO50 CONCRO50 CONCRO50 CONCROSO
CONCRO50 CONCRO50 CONCRO5Q CONCROS50
CONCRO50 CONCRO50 CONCR050 CONCROSO

0
0
0
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oD 0.00000 0.00000 0.02200 0.02200 0.02200 0.02200
Co 0.00000 0.00000 0.04200 0.04200 0.04200 0.04200
#GRAPHICS ON

DEVICE 1

WINDOW 0. 0. 0. 1279. 1023. 4095.

T5111-C1.INP: CFAST input file for Test T51.11 (229 kW) using the C model with no additional ventilation and
-10% fire power.

Original Input File:

VERSN 3T51-11: 9 Room+Dome+Level 1.4 Connect

DUMPR T5111-c.HIS

FMASS 0.00000 0.00000 0.00484 0.00484 0.00000 0.00000
FQDOT 0.00000 0.00000 225000. 225000. 0.00000 0.00000

Modifications:

VERSN 3T51-11: 9 Room+Dome+Level 1.4 Connect - 10% Fire

DUMPR T5111-cl.HIS

FMASS 0.00000 0.00000 0.00436 0.00436 0.00000 0.00000
FQDOT 0.00000 0.00000 202600. 202600. 0.00000 0.00000

T5111-C2.INP: CFAST input file for Test T51.11 (229 kW) using the C model with no additional ventilation and
+10% fire power.

Original Input File:

VERSN 3T51-11: 9 Room+Dome+Level 1.4 Connect

DUMPR T5111-c.HIS
FMASS 0.00000 0.00000 0.00484 0.00484 0.00000 0.00000

FQDOT 0.00000 0.00000 225000. 225000. 0.00000 0.00000
Modifications:
VERSN 3T51-11: 9 Room+Dome+Level 1.4 Connect + 10% Fire

DUMPR T5111-c2.HIS
FMASS 0.00000 0.00000 0.00532 0.00532 0.00000 0.00000
FQDOT 0.00000 0.00000 247600. 247600. 0.00000 0.00000

T5111-C3.INP: CFAST input file for Test T51.11 (229 kW) using the C model with no additional ventilation and
5% radiant heat.

Original Input File:
VERSN 3T751-11: 9 Room+Dome+Level 1.4 Connect

DUMPR T5111-c.HIS
CHEMI 44.000 0.000 0.000 4.650E+007 300.000 388.000 ©.100

Modifications:

VERSN 3T51-11: 9 RoomtDome+Level 1.4 Connect + 5% Radiant Heat
DUMPR T5111~c3.HIS
CHEMI 44.000 0.000 0.000 4.650E+007 300.000 388.000 0.050
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T5111-C4.INP: CFAST input file for Test T51.11 (229 kW) using the C model with no additional ventilation and
15% radiant heat.

3T51-11: 9 Roomt+Dome+Level 1.4 Connect

0.000

4.650E+007

300.000

388.000 0.100

3T51-11: 9 Room+Dome+Level 1.4 Connect + 5% Radiant Heat

Original Input File:
VERSN

DUMPR T5111-c.HIS
CHEMT 44.000 0.000
Modifications:

VERSN

DUMPR T5111-c4.HIS
CHEMI 44.000 0.000

0.000

4.650E+007

300.000

388.000 0.150

TS5111-CS5.INP: CFAST input file for Test T51.11 (229 kW) using the C model with no additional ventilation and
-10 cm curtain gap.

Original Input File:

3T51-11: 9 Room+Dome+Level

1.000
0.500
1.000
0.500

1.000
0.000
1.000
0.000

3T51-11: 9 Room+Dome+Level

VERSN

DUMPR T5111-c.HIS
CVENT 2 3 1 1.000
HVENT 3 4 1 4,300
CVENT 3 4 1 1.000
HVENT 3 S 1 2.000
Modifications:

VERSN

DUMPR T5111-c5.HIS
CVENT 2 3 1 1.000
HVENT 3 4 1 4.300
CVENT 3 4 1 1.000
HVENT 3 5 1 2.000

1.000
0.400
1.000
0.400

1.000
0.000
1.000
0.000

1.4 Connect

1.000

1.000

1.000

1.000

1.4 Connect -

1.000

1.000

1.000

1.000

10

.000

.000

cm Curtain Gap

. 000

. 000

TS5111-C6.INP: CFAST input file for Test T51.11 (229 kW) using the C model with no additional ventilation and
+10 cm curtain gap.

3T51-11: 9 Room+Dome+Level

1.000
0.500
1.000
0.500

1.000
0.000
1.000
0.000

3751-11: 9 Room+Dometlevel

Original Input File:
VERSN

DUMPR T5111-c.HIS
CVENT 2 3 1 1.000
HVENT 3 4 1 4.300
CVENT 3 4 1 1.000
HVENT 3 5 1 2.000
Modifications:

VERSN

DUMPR T5111-c5.HIS
CVENT 2 3 1 1.000
HVENT 3 4 1 4.300
CVENT 3 4 1 1.000
HVENT 3 5 1 2.000

1.000

"0.600

1.000
0.600

1.000
0.000
1.000
0.000
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1.4 Connect

1.000

1.000

1.000

1.000

1.

1.

1.4 Connect + 10

1.000

1.000

1.000

1.000

1.

1.

000

000

cm Curtain Gap
000

000
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TS5111-CA.INP: CFAST input file for Test T51.11 (229 kW) using the C model with no additional ventilation and
-0.2 air supply ratio.

Original Input File:

VERSN 3T51-11: 9 Room+Dome+Level 1.4 Connect

DUMPR T5111-c.HIS

MVFAN 3 2 0.000 900.00 0.0073 0.000 0.000 0©0.000 0.000 0O O
CHEMI 44.000 0.000 0.000 4.650E+007 300.000 388.000 0.100

oD 0.00000 0.00000 0.02200 0.02200 0.02200 0.02200

co 0.00000 0.00000 0.04200 0.04200 0.04200 0.04200
Modifications:

VERSN 3T51-11: 9 Roomt+Dome+Level 1.4 Connect + 0.9 Excess Air Ratio

DUMPR T5111l-ca.HIS
CHEMI 44.000 0.000 10.000 4.650E+007 300.000 388.000 0.100

MVFAN 3 2 0.000 900.00 0.0597 0.000 0.000 0.000 0.000 0 O
oD 0.00000 0.00000 0.04800 0.04800 0.04800 0.04800
Cco 0.00000 0.00000 0.08500 0.08500 0.08500 0.08500

T5111-CB.INP: CFAST input file for Test T51.11 (229 kW) using the C model with no additional ventilation and
+0.2 air supply ratio.

Original Input File:

VERSN 3T51-11: 9 Room+Dome+Level 1.4 Connect

DUMPR T5111-~c.HIS

MVFAN 3 2 0.000 900.00 0.0073 0.000 0.000 0.000 0.000 O O
oD 0.00000 0.00000 0.02200 0.02200 0.02200 0.02200

co 0.00000 0.00000 0.04200 0.04200 0.04200 0.04200
Modifications:

VERSN 3T51-11: 9 Room+Dome+Level 1.4 Connect + 1.3 Excess Air Ratio
DUMPR T5111~cb.HIS

oD 0.00000 0.00000 0.01100 0.01100 0.01100 0.01100

ele] 0.00000 0.00000 0.02100 0.02100 0.02100 0.02100
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T5121-A.INP:CFAST input file for Test T51.21 (716 kW) using the A model with no additional ventilation.

VERSN 3T51-21: Level 1.4

TIMES 5500 100 50 ¢] 0

DUMPR T5121-A.HIS

STPMAX 1.000

TAMB 288.000 101300. 0.000

EAMB 288.000 101300. 0.000

HI/F 0.250 0.000 0.000 0.000 0.000

WIDTH 2.950 4.950 4.300 4.330 1.800

DEPTH 3.650 1.800 2.750 2.720 6.350

HEIGH 2.750 2.485 4.600 4.600 23.500

CEILI FIRECEIL YTONG100 CONCRO50 CONCR0O50 CONCROS50
WALLS YTONG250 YTONG100Q CONCRO50 CONCRO50 CONCRO50
FLOOR FIRE FLR CONCR100 CONCROS50 CONCROS50 CONCROS50

HVENT 1 2 1 1.010 1.975 0.000

CVENT 1 2 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 2 3 1 1.800 2.485 0.000

CVENT 2 3 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 3 4 1 4.300 0.500 0.000

CVENT 3 4 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 3 5 1 2.000 0.500 0.000

CVENT 3 5 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 4 5 1 2.700 3.100 0.000

CVENT 4 5 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 5 6 1 0.800 1.500 0.000

CVENT 5 6 1 1.000 1.000 1.000 1.000 1.000 1.000

VVENT 6 3 4.54000 2

VVENT 6 4 5.75000 2

MVDCT 1 2 1.000 0.300 1.00E-004 0.000 1.000 0.000 1.000 0 O
MVDCT 3 4 18.000 0.300 1.00E-004 0.000 1,000 0.000 1.000 0 @
MVEAN 3 2  0.000 900.00 0.2300 0.000 0.000 0.000 0.000 0 O
MVOEN 1 1 H 0.375 0.280 0 0 0 0

MVOEN 6 4 V 11.600 0.070 0 0 0O 0

INELV 2 0.625 0 0

INELV 3 0.625 0 0

CHEMI 44.000 0.000 0.000 4.650E+007 300.000 388.000 0.100

LFBO 1

LFBT 2 -
CJET OFF

FPOS 1.47500 3.65000 0.00000
FTIME 100.00 101.00 3700.00 3701.00 5500.00

FHIGH 0.00000 0.00000 0.37500 0.37500 0.00000 0.00000
FAREA 0.00000 0.00000 0.28000 0.28000 0.00000 0.00000
FMASS 0.00000 0.00000 0.01540 0.01540 0.00000 0.00000
FQDOT  0.00000 0.00000 716000. 716000. 0.00000 0.00000
HCR 0.00000 0.00000 0.22200 0.22200 0.22200 0.22200
oD 0.00000 0.00000 0.02200 0.02200 0.02200 0.02200
[efe] 0.00000 0.00000 0.04200 0.04200 0.04200 0.04200
#GRAPHICS ON

DEVICE 1

WINDOW 0. 0. 0. 1279. 1023. 4085.

Appendix A: Input Files A-5
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T5121-B.INP:CFAST input file for Test TS1.21 (716 kW) using the B model with no additional ventilation.

VERSN 3T51-21: 9 Room Case

TIMES 5500 100 50 0 0

DUMPR T5121-B.HIS

STPMAX 1.00000

TAMB 288.000 101300. 0.000000

EAMB 288.000 101300. 0.000000

HI/F 0.250 0.000 0.000 0.000 0.000 11.100 11.100 11.100 11.100

WIDTH 2.950 4.950 4.300 4.330 1.800 7.920 4.300 4.330 9.760

DEPTH 3.650 1.800 2.750 2.720 6.350 7.920 2.750 2.720 9.760

HEIGH 2.750 2.485 11.100 11.100 3.500 4.600 5.050 5.050 5.050

CEILT FIRECEIL FIRECEIL YTONG100 CONCRO50 CONCRO5C CONCRO50 CONCRO50 CONCROS50 CONCROS50 CONCRO50
WALLS YTONG250 YTONG250 YTONG10O CONCROS50 CONCRO50 CONCR(O50 CONCRO50 CONCROS(Q CONCROS50 CONCRO50
FLOCR FIRE FLR FIRE_FLR CONCR100 CONCRO50 CONCRO50 CONCROS50 CONCR0O50 CONCR0O50 CONCROS0 CONCROSO

HVENT 1 2 1 1.010 1.975 0.000

CVENT 1 2 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 2 3 1 1.800 2.485 0.000

CVENT 2 3 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 3 4 1 4.300 0.500 0.000

CVENT 3 4 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 3 5 1 2.000 0.500 0.000

CVENT 3 5 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 4 5 1 2.700 3.100 1.100

CVENT 4 5 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 5 10 1 0.800 3.500 0.000

CVENT 5 10 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 7 1 3.000 4.250 0.000

CVENT 6 7 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 8 1 3.000 4.250 0.000

CVENT 6 8 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 ¢ 1 3.000 4.250 0.000

CVENT 6 9 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 7 8 1 3.000 4.250 0.000

CVENT 7 8 1 1.000 1.000 1.000 1.000 1.000 1.000

VVENT 7 3 4.54000 2

VVENT 8 4 5.75000 2

VVENT 10 7 4.54000 2

VVENT 10 8 6.97000 2

VVENT 10 9 5.28000 2

MVDCT 1 2 1.000 0.300 1.00E-004 0.000 1.000 0.000 1.000 O O
MVDCT 3 4 18.000 0.300 1.00E-004 0.000 1.000 0.000 1.000 0O ©
MVEAN 3 2 0.000 900.00 0.230 0.000 0.000 0.000 0.000 O O
MVOPN 1 1 H 0.375 0.280 0 O O ©

MVOPN 9 4 V 0.500 0.070 0 0 O DO

INELV 2 0.625 0 ©

INELV 3 0.625 0 0

CHEMI 44.000 0.000 0.000 4.650E+007 300.000 388.000 0.100
LFBO 1

LEBT 2

CJET OFF

FPOS  1.47500 3.65000  0.00000

FTIME  100.00 101.00  3700.00 3701.00 5500.00

FHIGH 0.00000 0.00000 0.37500 0.37500 0.00000  0.00000
FAREA 0.00000 0.00000 0.28000 0.28000 0.00000 0.00000
FMASS 0.00000 0.00000 0.01540  0.01540  0.00000  0.00000
FQDOT 0.00000  0.00000  716000. 716000. 0.00000  ©0.00000
HCR 0.00000  0.00000  0.22200  0.22200 0.22200 0.22200
oD 0.00000 0.00000  0.02200 0.02200 0.02200 0.02200
co 0.00000 0.00000 0.04200 0.04200 0.04200  0.04200
#GRAPHICS ON

DEVICE 1

WINDOW 0. 0. 0. 1279. 1023. 4095.

Appendix A: Input Files A-6
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T5121-C.INP:CFAST input file for Test T51.21 (716 kW) using the C model with no additional ventilation.

VERSN 3T51-21: 9 Room+Dome+Level 1.4 Connect

TIMES 5500 100 50 0 0

DUMPR T5121-c.HIS

STPMAX 1.00000

TAMB 288.000 101300. 0.000000

EAMB 288.000 101300. 0.000000

HI/F 0.250 0.000 0.000 0.000 0.000 11.100 11.100 11.100 11.100 16.150 0.300
WIDTH 2.950 4.950 4.300 4.330 1.800 7.920 4.300 4.330 9.670 14.370 3.000
DEPTH 3.650 1.800 2.750 2.720 6.350 7.920 2.750 2.720 9.670 14.370 3.000
HEIGH 2.750 2.485 11.100 11.100 3.500 4.600 5.050 5.050 5.050 34.950 13.200
CEILI FIRECEIL YTONG100 CONCROS50 CONCROS50 CONCRO50 CONCROS50 CONCROS50 CONCRO50 CONCROS50 CONCRO50 CONCRO50
WALLS YTONG250 YTONG1C0 CONCROS50 CONCRO50 CONCRO50 CONCR0OS50 CONCROS50 CONCRO50 CONCROS0 CONCROS50 CONCROS50
FLOCR FIRE_FLR CONCR100 CONCR0O50 CONCRO50 CONCRO50 CONCROS50 CONCROS50 CONCROEQ CONCROSO CONCROS50 CONCRO50C
HVENT 1 2 1 1,010 1.975 0.000

CVENT 1 2 1 1.000 1.000 1.000 1.000 1,000 1.000

HVENT 2 3 1 1.800 2.485 0.000

CVENT 2 3 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 3 4 1 4.300 0.500 0.000

CVENT 3 4 1 1.000 1.000 1.000 1.000 1.000 1.000

HVYENT 3 5 1 2.000 0.500 0.000

CVENT 3 5 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 4 5 1 2.700 3.100 1.100

CVENT 4 5 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 5 11 1 1.800 3.500 0.300

CVENT 511 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 7 1 3.000 4.250 0.000

CVENT 6 7 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 8 1 3.000 4.250 0.000

CVENT 6 8 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 9 1 3.000 4.250 0.000

CVENT 6 9 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 7 8 1 3.000 4.250 0.000

CVENT 7 8 1 1.000 1.000 1.000 1,000 1.000 1.000

HVENT 11 12 1 0.050 9.800 3.300

CVENT 11 12 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 11 1 3.000 2.400 0.000

CVENT 6 11 1 1.000 1.000 1.000 1.000 1.000 1.000

VVENT 7 3 4.54000 2

VVENT 8 4 5.75000 2

VVENT 10 7 4.54000 2

VVENT 10 8 6.97000 2

VVENT 10 9 5.28000 2

MVDCT 1 2 1.000 0.300 1.00E-004 0.000 1.000 0.000 1.000 0O O

MVDCT 3 4 18.000 0.300 1.00E-004 0.000 1.000 0.000 1.000 O O

MVFAN 3 2 0.000 900.00 0.230 0.000 0.000 0.000 ©0.000 0 O

MVOPN 1 1 H 0.375 0.280 0 0 0 O

MVYCPN 9 4 V 0.500 0.070 O 0O 0 O

INELV 2 0,625 © O

INELV 3 0.625 0 O

CHEMI 44.000 0.000 0.000 4.650E+007 300.000 388.000 0.100

LFBO 1

LFBT 2

CJET OFF

FPOS 1.47500 3.65000 ¢.00000

FTIME 100.00 101.00 3700.00 3701.00 5500.00

FHIGH 0.00000 0.00000 0.37500 0.37500 0.00000 0.00000

FAREA 0.00000 0.00000 0.28000 0.28000 0.00000 0.00000

FMASS 0.00000 0.00000 0.01540 0.01540 0.00000 0.00000

FQDOT 0.00000 0.00000 716000. 716000. 0.00000 0.00000

HCR 0.00000 0.00000 0.22200 0.22200 0.22200 0.22200

oD 0.00000 0.00000 0.02200 0.02200 0.02200 0.02200

co 0.00000 0.00000 0.04200 0.04200 0.04200 0.04200

#GRAPHICS ON

DEVICE 1

WINDOW 0. 0. 0. 1279. 1023. 4095.
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TS5123-C.INP:CFAST input file for Test T51.23 (1011 kW) using the C model with no additional ventilation.

VERSN 3T51-23: 9 Roomt+Domet+lLevel 1.4 Connect

TIMES 5500 100 50 0 o]

DUMPR T5123-c.HIS

STPMAX 1.000G00

TAMB 288.000 101300. 0.000000

EAMB 288.000 101300. 0.000000

HI/F 0.250 0.000 ©0.000 0.000 0.000 11.100 11.100 11.100 11.100
WIDTH 2.950 4.950 4.300 4.330 1.800 7.920 4.300 4.330 9.670
DEPTH 3.650 1.800 2.750 2.720 6.350 7.%20 2.750 2.720 9.670
HEIGH 2.750 2.485 11.100 11.100 3.500 4.600 5.050 5.050 5.050
CEILI FIRECEIL YTONG100 CONCR0O50 CONCR(O50 CONCR0O50 CONCROS50 CONCROS50
WALLS YTONG250 YTONG100 CONCROS50 CONCR0OLO CONCROS50 CONCROS50 CONCROS0
FLOOR FIRE_FLR CONCR100 CONCRO50 CONCRO50 CONCRO50 CONCRO50 CONCROS50
HVENT 1 2 1 1.010 1.975 0.000

CVENT 1 2 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 2 3 1 1.800 2.485 (.000

CVENT 2 3 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 3 4 1 4.300 0.500 0.000

CVENT 3 4 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 3 5 1 2.000 0.500 0.000

CVENT 3 5 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 4 5 1 2.700 3.100 1.100

CVENT 4 5 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 5 11 1 1.800 3.500 0.300

CVENT 5 11 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 7 1 3.000 4.250 0.000

CVENT 6 7 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 8 1 3.000 4.250 0.000

CVENT 6 8 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 9 1 3.000 4.250 0.000

CVENT 6 9 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 7 8 1 3.000 4.250 0.000

CVENT 7 8 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 11 12 1 0.050 9.800 3.300

CVENT 11 12 1 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 11 1 3.000 2.400 0.000

CVENT 6 11 1 1.000 1.000 1.000 1.000 1.000 1.000

VVENT 7 3 4.54000 2

VVENT 8 4 5.75000 2

VVENT 10 7 4.54000 2

VVENT 10 8 6.97000 2

VVENT 10 9 5.28000 2

MVDCT 1 2 1.000 0.300 1.00E-004 0.000 1.000 0.000 1.000 O
MVDCT 3 4 18.000 0.300 1.00E-004 0.000 1.000 0.000 1.000 O
MVFAN 3 2 0.000 ©900.00 0.330 0.000 0.000 0.000 0.000 O
MVOPN 1 1 H 0.375 0.350 0 O 0 O

MVOPN 9 4 V 0.500 0.070 0 0 O O

INELV 2 0.625 0 0

INELV 3 0.625 0 O

CHEMI 44.000 0.000 0.000 4.650E+007 300.000 388.000 0.100
LFBO 1

LEBT 2

CJET OFF

FPOS 1.47500 3.65000 0.00000

FTIME 100.00 101.00 3700.00 3701.00 5500.00

FHIGH 0.00000 0.00000 0.37500 0.37500 0.00000 0.00000
FAREA 0.00000 0.00000 0.35000 0.35000 0.00000 0.00000
FMASS 0.00000 0.00000 0.02170 0.02170 0.00000 0.00000
FQDOT 0.00000 0.00000 1011000. 1011000. 0.00000 0.00000

HCR 0.00000 0.00000 0.22200 0.22200 0.22200 0.22200

oD 0.00000 0.00000 0.02200 0.02200 0.02200 0.02200

co 0.00000 0.00000 0.04200 0.04200 0.04200 0.04200
#GRAPHICS ON

DEVICE 1

WINDOW 0. 0. 0. 1279. 1023. 4095.

Appendix A: Input Files
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16.150 0.300
14.370 3.000
14.370 3.000
34.950 13.200

CONCR0O50 CONCRO50 CONCRO50 CONCRO50
CONCRO50 CONCR0O50 CONCRO50 CONCRO50
CONCRO50 CONCRO50 CONCRO50 CONCROS0

0
o}
0



T51 CFAST VALIDATION REPORT

NUMAFIRE:05-97

T5125-C.INP.CFAST input file for Test T51.25 (1011 kW) using the C model with additional ventilation

VERSN 3T51-25: 9 Room Case+Dome+Connect 1.4

TIMES 5500 100 50 0 0

DUMPR T5125-C.HIS

STPMAX 1.00000

TAMB 288.000 101300. 0.000000

EAMB 288.000 101300. 0.000000

HI/F 0.250 0.000 0.000 0.000 0.000 11.100 11.100 11.100 11.100 16.150 0.300 2.650
WIDTH 2.950 4.950 4.300 4.330 1.800 7.920 4.300 4.330 9.670 14.370 3.000 0.700
DEPTH 3.650 1.800 2.750 2.720 6.350 7.920 2.750 2.720 9.670 14.370 3.000 0.700
HEIGH 2.750 2.485 11.100 11.100 3.500 4.600 5.050 5.050 5.050 34.950 13.200 13.500
CEILI FIRECEIL YTONG100 CONCRO50 CONCRO50 CONCROS50 CONCROS50 CONCR0O50 CONCRO50 CONCRO50 CONCROS0 CONCRO50 CONCROSC

WALLS
FLOOR

YTONG250 YTONG100 CONCRO50 CONCRO50 CONCRO50
FIRE_FLR CONCR100 CONCRO50 CONCROS50 CONCRO50

CONCROS50 CONCRO50
CONCRO50 CONCRO50

CONCRO50 CONCRO50 CONCRO50 CONCRO50 CONCROS5C
CONCRO50 CONCRO50 CONCRO50 CONCRO50 CONCROSC

HVENT 1 2 1 1.010 1.975 0.000

CVENT 1 2 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 1 12 1 0.700 2.750 2.570

CVENT 1 12 1 1.000 1.000 1.000 1.000 0.000 0.000 0.000 0.000

HVENT 9 12 1 0.350 5.050 4.700

CVENT 8 12 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 2 3 1 1.800 2.485 0.000

CVENT 2 3 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 3 4 1 4.300 0.500 0.000

CVENT 3 4 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 3 5 1 2.000 0.500 0.000

CVENT 3 5 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 4 5 1 2.700 3.100 1.100

CVENT 4 5 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 5 11 1 1.800 3.500 0.300

CVENT 5 11 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 7 1 3.000 4.250 0.000

CVENT 6 7 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 8 1 3.000 4.250 0.000

CVENT 6 8 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 9 1 3.000 4.250 0.000

CVENT 6 9 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 7 8 1 3.000 4.250 0.000

CVENT 7 8 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 11 13 1 0.060 9.700 3.400

CVENT 11 13 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

HVENT 6 11 1 3.000 2.400 0.000

CVENT 6 11 1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

VVENT 7 3 4.54000 2

VVENT 8 4 5.75000 2

VVENT 10 7 4.54000 2

VVENT 10 8 6.97000 2

VVENT 10 9 5.28000 2

MVDCT 1 2 1.000 0.300 1.00E-004 0.000 1.000 0.000 1.000 0 O

MvDCT 3 4 18.000 0.300 1.00E-004 0.000 1.000 0.000 1.000 0 O

MVEAN 3 2 0.000 900.00 0.330 0.000 0.000 0.000 0.000 0 O

MVOPN 1 1 H 0.375 0.350 0 O O O

MVOPN 9 4 V 0.500 0.070 0 0O O O

INELV 2 0.625 0 O

INELV 3 0.625 0 O

CHEMI 44.000 0.000 0.000 4.650E+007 300.000 388.000 0.100

LFBO 1

LEBT 2

CJET OFF

FPOS 1.47500 3.65000 0.00000

FTIME 100.00 101.00 1900.00 1911.00 3700.00 3701.00 5500.00

FHIGH 0.00000 0.00000 0.37500 0.37500 0.37500 0.37500 0.00000 0.00000
FAREA 0.00000 0.00000 0.35000 0.35000 0.35000 0.35000 0.00000 0.00000
FMASS 0.00000 0.00000 0.02170 0.02170 0.02170 0.02170 0.00000 0.00000
FQDOT 0.00000 0.00000 1011000. 1011000. 1011000. 1011000. 0.00000 0.000CY
HCR 0.00000 0.00000 0.22200 0.22200 0.22200 0.22200 0.22200 0.222G0
oD 0.00000 0.00000 0.02200 0.02200 0.02200 0.02200 0.02200 0.02200
CcO 0.00000 0.00000 0.04200 0.04200 0.04200 0.04200 0.04200 0.04200
#GRAPHICS ON

DEVICE 1

WINDOW 0. 0. 0. 1279. 1023. 4095.

Appendix A: Input Files
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APPENDIX B: UNPHYSICAL VERTICAL FLOW

This appendix will further examine the unphysical vertical flow that was documented in Section
3.1, Figure 3.12. For the B model, CFAST generated a large, artificial flow before the start of
the fire. This particular compartment arrangement, a small compartment connected vertically to
a very large compartment (the outside), is not a trivial one for a lumped-parameter type code.
The author’s decided that further investigation of this flow was warranted to determine if itis a
generic problem for lumped-parameter codes or an instability within the CFAST vertical flow
algorithm. To do this a simplified model was created and computations were performed with
both CFAST and with GOTHIC v3.4e [19], a nuclear safety code.

The CFAST model, shown below, consisted of two 3 m x 3 m compartments with horizontal
connections to the outside environment and stacked one on top of the other with vertical flow
connection between them and the outside environment. When this model was executed,
immediately a 17.7 kg/s flow exited the ceiling vent between the upper compartment and the
environment. With neither an outside vs. inside temperature or pressure difference (i.e. no stack
effect) nor a ventilation driven flow present, this large vertical flow must be considered as
completely unphysical.

VERSN 3Vertical Vent Case #3

TIMES 100 10 10 0 0
DUMPR VVENT2.HIS

STPMAX 1.00000

TAMB 288.000 101300. 0.000000

EAMB 288.000 101300. 0.000000

HI/F 0.000000 3.00000

WIDTH 3.00000 3.00000 )
DEPTH 3.00000 3.00000

HEIGH 3.00000 3.00000

CEILI OFF OFF
WALLS OFF QFF
FLOOR OFF OFF

HVENT 1 3 1 1.00000 2.00000 0.000000 0.000000

CVENT 1 3 1 1.00000 1.00000 1.00000 1.00000
HYENT 2 3 1 1.00000 2.00000 0.000000 0.000000

CVENT 2 3 1 1.00000 1.00000 1.00000 1.00000
VVENT 2 1 4.00000 2

VVENT 3 2 4.00000 2

CHEMI 44.0000 0.000000 0.000000 5.00000E+007 300.000 388.000 0.1000000
LFBO 1

LFBT 2

CJET OFF

FPOS 1.50000 1.5000G 0.000000

FTIME 30.0000 31.000 100.000

FAREA 0.000000 0.000000 0.500000 0.500000

FMASS 0.000000 0.000000 0.010000 0.010000

FQDOT 0.000000 0.000000 500000. 500000.

HCR 0.000000 0.000000 0.000000 0.200000

oD 0.000000 0.000000 0.000000 0.020000

co 0.000000 0.000000 0.000000 0.040000

#GRAPHICS ON

DEVICE 1

WINDOW 0. 0. 0. 1279. 1023. 4095.

Appendix B: Unphysical Vertical Flow B-1



T51 CFAST VALIDATION REPORT NUMAFIRE:05-97

When an equivalent model was created with GOTHIC 3 4e, input file shown below, the results
were very different. GOTHIC also calculated a flow between compartments; however, both the
direction and magnitude were different than for the CFAST model. GOTHIC computed a 0.3

SoOmMmn
compartment from the outside.

Two room stack plus outside
1 40 0 .0001 /
00/

1 1 3 0

1.0 1.0 0.1 1.0 0 00/
101.325 15 0 0 0 0 0 0 0 /

1/ group 1 - initial conditions

1 'air' 28.97 3.617 97 1 3
1.023 -0.000178421 1 2.26607e~-07 2 -1.52443e-11 3 /s. h. coeffs. and exps.
1/
1 2 101.328 15 00 0 0 /
1/
2 2 101.327 150 00 0/
1/
32 101.325 15000 0 /
1/
2 3/ group 2 - channel parameters
19 6.13999 0.0 0.0 0 0 1.0 9 /
2 9 6.13999 0.0 0.0 0 3 1.0 9 /
3 100000 1121 0.0 0.0 0 0 1.0 100000 /
304 1/ group 3 - connector parameters
112023202/
2 6.00015 1.5 1.5 179.91 1 0 0 0/
0000 0/
00000C000O0O011/
2 12 2.9998 0.0001 2 2 3 0.0001/
4 81.51.56100 0/
0000 0/
000000000011/
322 5.9998 0.0001 3 2 6 0.0001/
48 1.51.50.5100 0/
00000/
000000000011/
422323232/
2 6.0015 1.5 1.5 179.91 1 0 0 0/
0000 0/
000000000011/
4 31 0/ group 4 - section data
11131/
11000001/
21131/
2200000 2/
311101/
3300000 3/
3
5 0 / group 5 - variation tables
6 0 / group 6 - variation assignments
12 0 / group 12 - shear stress data
13 6 0 0 0 0 0O0COC 0/ group 13 - boundary conds.
113/
12 3/
21 3/
2 2 3/
313/
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32 3/

14/ group 14 - output control
0/ end of group data

0.001 1 50 1 600 /

50 1 0 1000000.0 0.0 /

0.001 1 10000 1 2000 /

5000 100 0 1000000.0 0.0 /
-1.0 0.0 0.0 0.0 0.0 /

0.0 0.0 0.0 0.0 /

Since both models computed a flow when in fact none should exist, this particular geometry is
generically difficult for lumped-parameter codes. However, the numerical flow induced in
GOTHIC is quite small, resulting in an average velocity of 0.07 m/s, whereas the CFAST induced
flow is quite large, resulting in an average velocity of 3.96 m/s. Thus, while this geometry is a
challenge for lumped-parameter codes, it is clear that CFAST’s performance warrants
improvement.
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